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FOREWORD

This report has had classified material removed in order to
make the information avaiiable on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuels during the
atmospheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restrict2zd Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information.

This report has been reproduced directly frcm available
copies of the original material. The locations from which
material has been cdeleted is generally obvious by the spacings
and "holes" in the text. Thus the context of the material
deleted identified to assist the reader in the determination of
whether the deleted information is germane to his study.

It is the telief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of rediation received by any individuals
during the atmospheric nuclear test program.
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ABSTRACT

The object of this study was to obtain data relative to the close-
in ground level airborne and fall-out hazard associated with each de-
tonation in Operation JANGLE. For this purpose samples of the aercvsol
and fall-cut were obtained from 46 statioms located between 4000 feet
upwind and 50,000 feet downwind. Several types of instruments were
used in this study; filter samplers, cascade impactors, conifuges, par-
ticle separators, electrostatic precipitators, Brookhaven continuous
air monitors, Tracerladb continuous air monitors and fall-out trays.

The concentration of beta activity in the cloud near ground zero
a few minutes after the shot was found to be approximately 10-3 and
10-1 microcuries per cubic centimeter for the surface and underground
shots respectively, The number median diameters of the particles in
the surface and underground shots were 1.0 and 1.5 microns respectively
at stations 4000 ft. downwind, docreasing in both cases to less than
0.1 miorons at 50,000 ft. Data were also obtained on the wariation of
activity with particle eize, as well as the percentage of the number
of particles which were radioactive for both the aerosol and the fall-

out. In addition, & study of fractionation and its manifestations was

made,

- 111 -



PROJECT 2.5a-1

FREFACE

The airborne particle studies reported herein were undertaken
by the Chemical Corps to enswer questions which were reised regard-
ing the internal hazard due to the radicactive particulate matter
asscclated with the elnud and base surge produced by a surface and -
undergrcund detonation of an atomic weapon, It is believed that A
the data devel ~ped from this study will assist in evaluating the h
relative importance of the internal hazard which can result from
such a detonation. ) \\\\\
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CHAPTZR 1

INTRODUCTION

1.1

OBJ=CTIVE

The primary objective of Project 2.5a was to conduct a study
of the airborne particulate matter resulting from a surface and under-
groand detonation of a nuclear weapon and to determine the followings

1. Concentration of radiocactivity in the aerosol and its
variation with distance from ground sero.

2., Variation of radioactivity with particle-szize.

3. The variation of the particle-size distribution with
distance from the point of detoration.

4e Total particles which are radioactive as a function of
particle size,

Secondary objectives of this project were to study similar
factors for the fall-out (factors which are inseparable from the
aerosol) and the phenomenon of fractionation 1 for both.

An indirect objective of the project was to evaluate the field
performance of the several instruments employed.

1,2 HISTORICAL

Chemical Corps results from SANDSTONE2 derived from the cascade
impactor indicated a predominance of particulate matter in the range of
0.1 to O.4 micron diameter, with some material in the rangs 1 to 10
microns, The long sampling period and the large integrated sample col=
lected left doubt as to the accuracy of the particle size measurements

I These and certain other terms used in this report are defined in
Appendix A.
Bernard Siegel, Cdr He L. Andrews, USPH3, and Raymond E. Murphy,
Particle Size of Material in Cloud, Operation SANDSTONE, Tack Group
7.6, Project Report, Project 7.1-17/RS(CC)-9, 30 June 1948.
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PROJ?CT 2,5a-1

of the active particulates. Tracerlab results from SANDSTONE 3,
derived from filtors, indicated that in the frequency vs. particle
size graph the mode occurred betwesn 4 and 6 microns for particles in
the range of 2 to 10 mocron diamater. The limit of resolution of the
tachnique was approximately 1 micron, thus no observations wa-e made
on particles lesa than one micron d.amester,

Chemical Corps results from Operation GREENHO'SE 4 derivad
from the cascade impactor indicated that cloud samples taken at 16,000=
25,000 feet had a madian size of aprroximately 0.3 micron. The rasults
from the U. S. Naval Radiological Dafense Laboratory derived from the
electrostatic precipitator on this same Operation indicated a ma2dian
particle size of 0.l5 microns.

In June, 1950, the Joint Chiefs of Staff directed the test of an
underground and surface nuclear detonation. The Armed Forces Special
Weapons Project requested the Chemical Corps to submit propos2ls for
participation in the test. As a result, Project 2.5a was developed to
conduct airborme particle studies on the aerosol resulting from these
bursts. Bscause of the large amount of ground contamination expected,
these tests provided an opportunity to determine whethar there is a
correlation botween particle size, isotopic content and decay rate,
and to evaluate the intsrmal hazard associated with these types of deto-
nations,

1.3 AEROSQL SAMPLING

It may be safely said that the sampling of particulate aerosols
is a field characteriszed by instrument design difficulties. And this
is particularly true of sampling aerosols containing large particles;
a condition which is produced by the detonation of atomic weapons near
to or under the surface of the ground.

The difficulties, roughly, are two-fold. First, is the problem
of introducing the particles into the sampling apparatus without preju-
dice with rzspect to particle size. This is the problem of obtaining
isokinetic flow into the sampler. The second problem is to remove the
particles from the air, again, without selecting for or against differ-
ent gized particles. This problem is usually aggravated by the desire
to remove ths particles in such a manner that they pay subsequently be
gubjected to size m=2aguremsnts or other types of analysis.

¢

3 TReport on Analysis Results and Conclusions Relating to Test Joe,
Dacember 1950, Department of the Air Force Contracts with Tracerlab,
Ine., 130 High St., Boston, Mass.

4, GREENAOUSE 6.1 Raport. Unpublished.
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At the tirs of planning of this project there ware a nimbsr of
sampling instruments in existencse, none of which satisfied the firct
ecriteria, but which partially satisfied the second criteria in & nun-
bar of ways which were suitable to the types of m2asursimwnta desired.
For example, a filter sampler, in comon uge in the Chemiecal Corps,
would collsct all particle sizes to be encounterad with bsbisr th-n
97.9 per cent efficiency, and would be excallent for the m2asurarenis
neceasary to determine activity coancentration data,

Due to the cost and lack of time adjudged to be neccasary to
redesign all desired instruments for lsokinetic flow, it was dee:rad
necessary either to reduce the number and type of sampling instrurents,
or to uge 2ll instrumants as they wera, even though sampling was not
isokinetic. A decision in favor of the latter course was mads at an
early stage of planning. The crux of this matter was the extent to
which non-isokinetic sampling would affect the data obtained by the
instruments. Unfortunately, only & qualitative discussion of this
point can be made at the present time.

Andersons, working with cement dust less than 50 mlicrons in
diamster, reported dust concentrations of 150 to 180 per cent of the
true concentrations in the samples taken at one-half of the atream
velocity and concentrations of 80 per cent of the true value for gar—
ples taken at 140 per cent of gtream velocity.

Figure 1.1 1llustratss isokinetic flow. The streamlines enter
the sampling tube without distortion. Any other condition results in
deflection of the streamlines in the vicinity of the orifice, giving
samples which are either too low or too high, depending upon whether
the ratio of sampling speed to wind speed is less than or greater than
ona respectively. Figure 1.2 illustrates the sampling speed to wind
spsed ratio of one-half. In this case the sample will favor the largor
particles. Figure 1.3 illustrates the sampling speed to wind speed
ratio of two. In this case the sample will favor the sraller particles.

Table 1.1 indicates the deviations of the samplers from isokinstic
flow, assuming the intake orifice is pointed into the wind. (Not tho
cage in actual use) The average wind speed at Nevada Test Site
wa3 approximately 5 miles per hour, or 1.34 x 10* cm/min, A value of
one for the ratio sampling speed:wind speed, represents isokinetic flow.

5 Fvald Anderson, YOn the Qualitative Determination of Industrial
Gas Digpersoids.” Transactions of the Amwerican Ingt. of Chemical
Engineers, 34, 589. (193
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TAELE 1.1

41r Saopling Spoed Data

1
Volurs Flow | Saxpling Saxpling | Sxoolinz Sto:d
Area

Inatruent Rate Spoed wind Spued
e /rin « ca/dn
Filter Sazpler 34 X 1of~ 100 [3.@ x 162 | 2.54 x 1072
Cascedo Ispactor 1.25 x10% | 10 1.2 x103 | 8.95 x 1072

Conifuge at €CO0 REY 2.2 x10% 0.18 1.2 2103 | 8.95 x 1072
Tracorlad Continuouy

Adr Yonitor 7o, x10% | 13.2 | 5.6 x103 | 428 x 1071
Brockhavan Continuoua

Adr Yonitor 9.6 x 104 | 10.4 [9.25 2102 | 6.50 = 202
Particle Separator 2,83 x 104 | 52.8 | 5.23 x 107 | 4.02 x 1072
Radiological Afir -2

Sa-plar 5,0 x102 | 0.6 | 7.94 x10% | 5.94 = 30°
Electrostatic Pro= )

cipitator 33 104 | 2 [1.5 x10°| 132210

It mst ba rcamphagiscd that tha valuvas given in Tadlo 1l are
spplicable only for the cas2 of tho instrmueint facing continually
into the wind i.e. a7 a veathar cock. Actually tha filter cacplas
wore mounted parpardicvlazrly to tka rodii from ths zero point £o that
in gonaral on ths "hot® legs thay samplod broadsids to tha wind sirean.
This ard ths prosonce of the shest rstal bood (zee Fig. 2.1), tor2:d
to rake this insiru=:nt favor ths g=aller particlos. The caseadd
impactors wora oriemted dem ths axis of radii froa the sero point
énd on the "hot¥ lcgs were non-izokinetic to approxi::ataly thse doorce
indicatad in Table l.d. A1) of ths othor inatru-ats wers orientsd in
the vertical direction and tharefore wors £xmling buoodaids to the
wind and in a ramsr corparable to the filtcr eampler, exceplt th:t thay
favorcd tho vory largost particlos which had a Stokel's fall wvolocity
greatar than ths horizontal wind - slocity.

le4 RADIOACTIVITY MEASURT.ENTS

While in any inveatigation of this nature all co kirds of
nuclear radiation °an be of interest, the hazard cauzad by tho in-

SR
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balation of fission products is predowinantly due to beta radiation.6
For this reason, as woll as the heavy counting load caused by the
lerge number of samples, only beta counting was performed in this
project. In order to report such quantities as concentration of
activity in the aerosol, it was nocessary to doterriine absolute beta
disintegration rates, a difficult goal. An uncertainty of the ordor
of 20% can be expucted in the reported bota cctivity data. 758
Unless otherwise indicated, corrections for coincidence, sample
covering, &ir path, and tubs window were applied to all counting data,
in addition to the usunal georatry correction. No corrections for
s21f scattering and self absorption or back scattoring wore rade,

1.5 ORGANIZATION

Pigure l.4 ghous ths orgentzation exployed to prosecute this
project, and Table 1.2 shows the assignmont of gtations to pesrsom.wl.

87473, for exi. ple, uhs Bffects of Atortc Feivons, (U. S. Gove
Frinting Office, Sopt 1950), Pe 257«

7 G. Frisdlandor cnd J. W. Konnedy, Introduction to Rndiechcnistry,
(Kew Yorks Jobn Viley and Scns, 1949), p. 228

8 L. R. Zur=lt, "Abgolute Bota Counting Using End-Tindow Geiger-
IucIler Counter Tubss LIDC ~1348, (O~k Ridgas Technienl Infor: niira
Division, 1947) ps 1
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CHAFY'ER 2

INSTRU'BNTS

—————— A st . s Uit

2.1  PILTER SAMPLER

The purpose of this instrument was to filter the partioculate mat-
ter from a knoim volums of the aerosol. By mossuring the eaotivity oz
the filter papsr and volums of air filtered, the avarage concentration
of activity in the cloud could be estimated,

2,1.1 Design

The filter samplers used in ths tests (see Fig. 2.1) con-
sisted of a motor driven suction pump drawing air through a filtor pa-
per sampling area of 100 cnl.

2.1.2 Calibration

All filter samplers were calibrated at the test sito with
& dry flow-rate meter. PFor the surface shot the flow rates of several
tarplers were measured bafore snd aftsr the datonrtion. The results,
given in Tadble 2.1, shouw that for the quantity of material filtered there
was no appreciable chanze in resistance of tha papsr before and after the
test., It was therefors considered reasonable to assums that the flow-
rate remained constant during the szmpling period.

The following code was used in dascriding the various fil-
ter samplers listed in Table 2.1. (For looation of the stations, see
Fign. 5.1 and 3020)

X Consisted of 1 gheet Chemical Corps No. 8 paper and
2 sheets of No. 5 paper. This type was used on all
stations at distances greator than 4000 feet from
tero. The sampler was loocated 7 feet above ground.

X; Consisted of 1 sheet Cml C No. 6 peper, 2 sheets of
Cml C No. 5 paper backed up by b smheets of No. 8 pa-
per. The § sheets of No. 8 paper served to ocut dowm
the flow of air approxirately to 1 oubioc foot per
minute while the filter sampler wws oporating at full
(24 volts) battery voltage. This type of ssxpler was
ussd on all stations up to and inoluding distances of
4000 foet from ground zero. The eampler was loocated
7 feet above ground.

-9 -
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Filter Sampler Assembly

Fig. 2.1
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Flow Rato(eu.ft/min)
Bafore

Surface
Shot

TABLE 2.1

Filter Sarpler

Aftsr
Surface
Shot

b e s ———

1.18
1.36

1.32

0.76
0.83
1.36
1.24
1.43
l.28
0.59
1.23
1.38
1,13
1.21
0.55
4,28
4,08
4.14
0.77
4.28
4.14
3.90
0.90
0.86
4.11
4.29
1.25
1,32
3.30
3.30
2.86
3.12
3.30
3.45

damaged
by blast

—

llllIQ\iglellllﬁllll
W

. . L]
<O

R AW O
*

.

(<204 4

Data

Purpose of
Sample

activity,decay
aativity,decay

activity,
autoradiograph
activity
activity
activity
activity
activity
aotivity
aotivity
activity
activity
activity
activity
activity
radiochonistry
radiochemistry
radiochemistry
sctivity
radiochenistry
radiochemistry
radioochemistry
activity,decay
activity,decay
rediochemistry
radicchsmistry
activity
activity
activity
sotivity,decay
activity,decay
activity
activity

activity,decay‘

""""""TL"" ———

Agancy

Perforuing

Analysis

¥Id4,TL
NIH,ACC

NIH,LASL,ACC

WIH,TL
NIH,ACC
NIH,ACC
NIH,?TL
NIH,TL
NIA,TL
NIH,TL
NIH,ACC
NIH,ACC
FIH,ACC
NIH,ACC
NIA

TL

ACC

NIH

NTH

NIH

T

ACC
NIH,TL
N1H

TL

ACC

NIH,ACC
NIH,ACC
NIH

NTH
NIH,ACC
NI

NIH
NIH,TL
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TABLE 2.1 (cont'd)

Filter Sampler Data

a 8 é: Flow Rate (cu.ft/min)
Ot | >t
~0 |PE o Before After Agency
e g 8o & | Surface Surface Purpose of Sample Performing
he | 3 8™ Shot Shot Analysis
23 X 3.16 3.16 activity NIH,TL
24 X 2.73 - activity NIH,TL
26 X 2.83 - activity,decay NIH,LASL,ACC
sutoradiograph
26 X 3.67 - activity,autoradiograph | NIH,LASL
27 X 3.43 3.40 e-tivity,decay NIH,TL
28 X - activity,autoradiograph { NIH,LASL
29 X 3,33 - activity NIH,TL
M 3.09 - activity,particle size |TL
30 X 2.26 - activity,autoradiograph | NIH,LASL,ACC
M 3.90 - activity,particle size | TL
31 X 2,63 - activity NIH,TL
) | 3.57 - activity,particle size | TL
32 X 3.53 - activity,docay
M 4.29 - activity,particle size | NIH,decay
33 X 3.20 - activity,autorsdiograph | NIH,LASL
| 34 X 3.00 - activity,decay NI1H,LASL,ACC
autoradiograph
35 X .12 - activity,autoradiograph | NIH, LASL
38 X 3.51 - activity,autoradiograph | NIH,LASL
37 X 3.63 - activity,autoradiograph { NIH,LASL
38 X 2.562 - activity,autoradiograph | NIH,LASL
39 X 3.12 - activity,autoradiograph | NIH,LASL
40 X 2,46 - activity,autoradiograph | NIH,LASL
41 X 3.0 - activity,autoradiograph | NIH,LASL
42 X 2.65 - activity,autoradiograph | NIH,LASL
43 X 2.38 - activity,autcradiograph | NIH,LASL
44 X 2,48 - activity,autoradiograph | NIH,LASL,ACC
45 X 3.37 - activity,autoradiograph | NIH,LASL
46 X 3,00 - aotivity,sutoradiograph j NIH,LASL

s#plus molecular filter adapter,
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G Sarss a3 X in all respects except that thes fil-
ter sampler was located 2 feot above ground.

L.LI,A Consisted of 4 sheets of Chemical Corps Ho. 5
paper. This is an "open® paper and the pur-
pose is to obtain a large ssmple for radiochom-
ical analysis. The various letters daasignute
the receiving agencles,

M Consisted of 4 sheots of polyfiber paper (Air
Force) paper. This is an "open™ paper and the
purpose 1s to obtain a large sample for radio-
chemical analysis,

Equipment at stations of the surface shot (1 through 46)
was transferred to ths corresponding stations of the underground shot
(101 through 146). The handling of samples and snalytical work for
samples collected from the underground shot tests was the same as the
surface shot, except that time did not permit the preparation of suto-
radiographs by the Los Alamos Scientific Laboratory. :

The abbreviations of the rscelving agencies are as fol-
lows; :

ACC <« Army Chemicsl Center

NIH National Institute of Health

TL - Tracerlsb, Inc., Boston, Massachusetts
LASL - Los Alamos Scientifio Laboratory

2,2 THE CASCADE IMPACTOR

To determine the size-distribution of any heterogeneous oloud,
8 size-grading sempling method is desirable, It is also desirable to
subjeot the particles to a minimum amount of physiocal strain ae they
are collected., The cascade impactor, first developed and deseribod in
detail by Mayl. is partiocularly suited toc these requirements. It sisze-
grades partioles in a manner suiteble for analysis with light and/or
elactron mioroscopes and also collects the larger particles present
(these being the most likely to shatter) at low velocities. The pre-
deminate disadvantage of the impactor is that it is not an absolute in-
strument, i.0., below a certain sixe, depending on ths geometry of the
last jet and the physical properties of the particle involved, the
Probability of collection decreases in a rather complex manner (but pre-
Sumably monotonic with respect to particle size).

xR, May, “The Cascade Impactor: An Instrument for Ssmpling Coarse
Aerosols”, Journal of Soientifio Instruments, 22 (Oot 1946) 187

- 13 -
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The performance of a jet in a cascade impactor is determined by
the effects of the previous stages and the flow rate through it, as
vwell as its own physical characteristics; thus the instrument must be
deeigned as & unit, ench stags being compatible with both the preced-
ing and the following ones. Since ths impnctor is to sample offi-
clently an extended particle size runge (0.2-100 microns), five ctages
vore consldered nacescary for suitatle size-grading. The effective-
nese of each stage, and therefore >f the cowplete instrument will vary
with flow rate. Thus it ia nocossary to maintain a cuitable and con-
ctant flow rate,

Although narrower Jets will imgpinge smaller particles efficient-
ly, one might readily asgsums that the narrowest possible jet should de
used for the fifth stage; hovever, supersonic flow cannot be obtained
in a jet of this type. Thua, the fluw rate cannot exceed a maximum
value, vhich occurs vhen sonic velocity is rcached in the smallest jet,
In nctual practice, this feature was uszed to control the flow rate in
the oascade 1mpactor. If a narrowsr jet had bsen used, the flow rate
vould have becn reduced correcspondingly, thersby reducing the smmpling
Volm.

2.201 Desig_g

A thecry of impaction i1s nccecearily based on the trajec-
tories of small particles in a moving fluid and exteneive studios of
the factors eifecting particle trajectories have besn made by many in.
vostigators2s3,4, in epproximate theory of impacticn, by BaurwashS et
al, is quite flexible, alloving immediate compurison of the efficien-
cios of various jet widths and velocities. This relation may be der-
ivod by oconeidering a jet from which a fluid of density e viscouity

2.y, o1d T
3J¢1 1cons und Roberts, “Dorosition of Avroeol Particles from Moving
Ces Streams™, Inductriel end Enginesring Chentstry, 32 (1940) 650

41L-pple and Shepard, "Calculation of Perticle Trajoctories”, Induc-
trial and Engfneoring Chenistry, 32 -

— .

EBhurmm:h. "Duvelopront of Continuous Jet Iupactor Ysthods"™, UCIA 13,
£:20-208,

- 14 -
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n , slit velocity V, is flowing in an approzicately oircular path

of mean radius of curveture R, as showm in Fig. 2.2. It tsalos any
particls roughly a time equal to

- IR,
t = S5y (2.1

to traverse tha quarter-cirols arc. In this tins 1t will have
drifted radially oubtward e distance x equal tc

x = ut (2.2)

whare u is the Stokes velocity

u = P-Ig—);—- (2.3)

D iazjge partiocle diameter and a 1e tke radial acoolsration and equal
to V¢/R,

If it is assumed that the criterion for impaoction 1is
that the radial drift distance x is equal to half the jet width d, thsen
it is possible to caloulate the minimum particle diameter Dyipn, whioh
will bs impacted. Substituting and solving for D resulta in

36 nd
Dptn = 1 "ﬁ’%‘v’ (2.4)

To ocheock the validity of this forumla, the experirsntal
Values obtained by May, Johnstone®, and Casella” wers compared with

Bi;ho Report, University of Ill., Hizh Velooity Impaotor for Sampling
Aerosols, 15 March 1749.
C. . Cassella & Co, Ltd., Casoade Impautor, Leaflet 72J, Regent
House, Pitsroy Sq. London W. I.

-15 -
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Fig. 2.2 Schematic Drawing of the Idealized Flow From a Cascade
Impsctor S1it. The slit length (into the paper) is
asswiod to be much greater than the width w,
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thoss predicted by thoory. The results warv in excollent agrac.ent.

The impactor described by Vo2zltin and Hodze® was found
to be the moat sturdy impactor avajlable and since it was designed so
that the jets could readily be interchanged it was declded to modify
the Hodges modsl to fit requirossnts for sampling at Operution JALGLE,
Aftor some oconslderation it was decidad to use the ls%, 2nd, and 4th
jots of the original Hodgo impaotor for the firet, sucond, and third
jots of the new modol and then to design two new jets. The davelopuent
and perforuance of this modified Hodjes-type imprctor as well as re-
finements to eg. 2.4 have beon previously described in dstailf,

A further important modifiocation in this instrucant was
the ir-lusion of slidos with electron miorosoope spscimen sorsons set
in recusseslO, As a result, a slide assembly well suited for field
use was developed.

2.2.,2 Calfibration

Critical floir rates of the casoade impactors uzed are
shown in Table 2.2. The oritical flow rates were dotermined using a
previously calibrated Dry Test Meter and & vaouum gauze. To be rea-
sonably certain that oritical flow was attained, a vacuua of 18,0 in-
ches of meroury was required for oritical flows.

Table 2,3 gives the calculated sizes of particles effi-
ciently removed for the modified instrument. Cslibration of cascads
impactors for actual efficiency for warious particle sizes was not
necessary for this work dus to tho heterogeneous density of aerosols
expeoted. The samples were analyzed by direct methods, i,e., measur-
ing and counting of each particle in a known reprssentative sroa.

r

Vosgtlin & Hodge, Pharmocology and Toxicology of Uranium Compounds,
9701. FI-1, p. 483, icﬁrav&ﬂi§¥, 1549, -

J. D, Wiloox, Design and Development of & New Pive Stage Impaotor,
1cm,m 92, AcC, Md, -7 .

9. D. Hllcox.lé Wew Sampling Techniqus, CRLIR 70, ACC, Md.

-17 -
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Filg. 2.3 The Jets of the Caecade Impaotor in “xploded Arrangemant,
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TABLE 2.2

Cascale Impactor Critical Flowv Rates

2]
i
|
1
|

i
i
!
-

(8)P1ow rate of 12,5 1/min

- 19 -

) "
| ] [T
S % B [Flow Rate | Vacuum Batween S% 8 [Plow Rate | Vacuur Between
v T I (1iters & Pump (inchos ST |{(1iters & Pump (inches
S 8 |per min. of Mercury) 898 |per min. of Mercury)
AL S 4. o R
A 15.4 18,0 I 12,2 19.0
B 12.1 20.0 J 12.6 19.6
c 13.0 19.9 K 13.6 18.5
D 13.4 18.6 L 12.56 19.5
E 12.9 19.0 M 12.6 19.6
P 12.5 19.5 N 13.1 18.5
3 13,4 18,90 0 12.1 19.5
1 12.6 19.0 PT 12.2 20.0
TABLE 2,8
Cascade Impactor Jet Data(a)
P’*""_"‘""
Minimum Particle Diamster
Jet | Jet Jet Velocity at Impasted ( ) miorons
Noo |Length Width Orifice w1l 2 4 7.5
ag €-1]P~=2]0=* |P~=
1 [13.90m |5.30 om | 2.83x10%m/se0 [18.0 [11.0 | 7.4 | 6,2
2 |14.36mm [1.38 mm | 1,05x10%cm/sec | 4.2 | 2.84 | 1,98 | 1,56
3 [13.85mm |0.575mm 2.6211050q/sec 1.77 | 1,17 0.84 | 0.63
4 | 9,16mm |0,396mm 5.761104om/seo 0,95 | 0.85]0.47 | 0.347
| 5 | 4.05mm | 0.290mm | 1,77x10%m/sec | 0.47 | 0,32 | 0.224 | 0.168
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2,% CONIFUGE
Tha purpose of the conifuze was to provide a size-graded sample
of the particulates in the aerosol,

2.3.1 Deﬂisn

The conifure cornsists of a conical head centrifugze form-
ed by an inner and outer cone, arranged co-axilally and separated by
a norrow annular space throuzh which a steady stream of aerosol is
draym by the self-puuping action of the cones, vhich are driven by a
motor at high rpm. The cloud sample is introduced as a thin film in-
to the annular space through a sinzll tube at the apex of' the inner cone.
Since the particles ar~ influsnced by the transvarse velocity of the
air stream and the centrifuzal velocity of ths rotating cones, they fol-
low a trajectory based upon thuir mass and terminal velocity. The par-
ticles pass betwasen the two cones and deposit as a spectrum of particle
sizes on the surfece of the outer cone which is made of polystyrane
plagtic with two rows of six evenly spaced screws which carry electron
microscope screens.

The thin filament of sampled cloud passing across the
gup betwoeen the end of the sumpling tube and the apex of the inner cone
is in unstable equilibrium and is easily displaced by an inequalit, in
the spacing of the two cones. The result is an uneoven distribution of
the samples on the outer cone. Precise workmanship is therefore essen-
tial in the construotion of the centrifugal chamber and in the align-
maat of the vhole apparatus., The design must also be robust enough for
this adjustment to be retained after diasmantling for cleaning and re-
aezembly. Good seals must be obtained arcund the base of the two cones
and around the base of the container. Poor seals give rise to leakage
which alter flow rates and destroy regularity of the size separation.
For a simllar reason, the housing packing must be kept well oiled to pre-
vent leakags through the hearinge., To maintain the designed sampling
rate, both the sampling inlet and exhaust jet wust be subjected to the
eams external prossure, Figures 2.4 and 2.5 show photographs of the
corn{fuge employed et Operation JANGLE.

The disadvantages of the present instrument are (1) low
flow rate and vertiocal orientation which precludes approximating iso-
kirctio conditions cnd (2) separation {s dependent upon the density of
particuletes vhich is 1likely to be heterogeneous in the acrosol. Ac-
cording to Sawyerll, "The dspositing efficiency of the conifuge is 100

Tiy, F. Sawger, Porton Teohalcal Paper, No. 86, (Porton, U. K., 14 Dec.
1948) -
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per oent under all conditions for all partiocles which do not encounter
the walls of the sampling tube on entry or impaot upon the inner oone.
Re-circulated particles would, if present, show no size separation and
form a hetarogeneous background to the main deposit™.

2.3.2 Calibration

Recent laboratory testing of the conifuge has shown that
the rate of sample flow is greater than was first essumed, Flow cali-
bration data was obtained by f1lling a bottle full of ammonium chloride
smoke and drawing the smoke through a 1.17 cm inside dlameter glass
tubing by the self-pumping action of the conifuge. The polnt of the
snoke was then timed as it flowed through 60 and 100 cm lengths of the
glass tubing and into ths oonifuze inlet tubing., The flow rates shown
in Teble 2.4 wore obtained by the use of a "pipe coefficient” of 0.5
as suggested by Vennardl2 for laminar flow (Re = 380).

TABLE 2.4

Conifuge Flow Calibration

Corrected

RPM Flow Rate
(co/min)

8000 316

7000 2656

6000 218

6000 173

4000 130

3000 90 B

erating ~‘he oconifuge at 5000 rpm gives a sampling
rate of 173 cc/min with cbout 3460 cc/min of excess alr recycled. The
low sempling rate is a serious limitation., For good size separation,
the sampling rate rust not exceed sbout five per cent of the total flow
rate (total volurme oirculating between the cones). The design of the
Cheidcal Corpe oonifuge limited the speed to 8000 rpm when operating st
extended periods of time (2-3 hours). For shorter operating times
(20-30 rmin.) the conifuge can be operated at 10,000 rpm. A calibration
curve of rpm vs voltege vas used to obtain required speeds in the field.

125, K. Vennard, Elem:ntary Fluid Vschanics, (2nd ed) New York: Wiley
and Sons, 1947. 7, p. 163.

-22 -
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Test runs vere made on the conifuzs using a steel outer
cone which had two slits covered by plastic slides alonz ths slent
helght of the cone., An aerosol containing spherical glass particlas
was generated into a sampling chaxber. Samples were taken with ths
conifuge, and the particle size distribution wes dstermined with a
microscops. Table 2.5 gives data obtained at a speed of 500G rpm, &
sarpling tine of 6 minutes, and an air flow of approximately 170 cc/min.

TABLE 2.5

Conifuge Partiole Size Calibration

r‘bistance Particle
From Top Size
Edge (microns)
16 mm 12 .6
20 6 -4
24 4 -2.5
28 2,5-1,8
32 1 8-1.1
36 1.4.0.6
40 0.6-0.4
| _44 | _under .4 |

2.4 PARTICLE SEPARATOR

The purpose of the particle separator was to sample and fraction-
ate the aerosol and fall-cut particulate material into size ranges by
meang of a vertically oriented sifting device.

2.4.1 Design
Each partlole separator conslsted of:
1. Eleven bronze wire screen sieveas whioch were to frac-
tionate particles into class intervals of 37-43, 44-62, 53-51, 62-73,
74.88, 88-104, 105-124, 125-148, 149-176, 177-209 microns.,

2. A porous stainless steel filter to retain particles
larger than 1 micron.

3. A molecular filter to separate all the particles
which pass through the porous stainless steel disk.
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Fig. 2.6 Crocs-sasctional Drawing of a Particle Separator

TABLE 2.6

Particle Separator Calibration

Flow Rate (cu.ft/min) e
Station Before After After
Number |Surface Shot | Surface Shot | Underground Shot
8 0,89 0.87 0.88
9 0.62 ~ C.45
14 0.83 0.90 ’ 0.79
15 0.82 ~ 0.81
20 0.88 0.83 0.92
21 0.89 - 0.85
23 0,89 0.88 1.00
24 0.93 - 0.94
28 0,95 - 0.94
29 0.98 - 1,02
| 30 0.82 ~ | 0.90 .
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4. A rotary type vacuum pump and hose oconrnection to the
particla separator to draw the particles through the apparatus. Air
was drawn through the pump at the rate of approximately 1 cubic foot
per minute,

The detailed design of the particlo separator is shewm in
Pigu 2.6, '

2.4.2 Calibration
Table 2.6 indicatez the flow rate through the various fil-
ter samplers before and after each test., The results show that no appre-~
ciable change In resistance occurred in the particle separators during
the test and the rate of flow through the particle separator was constant.

2,6 ELECTROSTATIC PRECIPITATOR

The purpose of the vlectrostatic precipitator was to sample the
particulates, This instrument is not amenable to particle size dstermin-
ation unless microscope slides or soreens are incorporated into the sam-
pling oylinder,

2.5.1 Design

This instrument weighe about 50 pounds and consists of a
metal cylinder through which air is drawn at the rate of 32 liters per
minute at a speed of 25 cm/sec. An electrostatic potential of 300 volts
was applied between an outside collecting cylinder and an inside central
wire, The particulate matter is precipitated upon the outsids oylindri-
cal shell, A schematic diagram of the collecting cylinder is shown in
Fig. 2.7,

2.6 CONTINUOUS AIR MONITORS

The purpose of the continuous air monitors was to measure the vari
ation in the concentration of activity in the air with time,

2,6.1 Brookhaven Air Monitor

A filter paper feed system traveling at 4 inches per hour
Combined with a vacuum pump (3.5 ou ft/min) was employed to collect par-
ticulates from the air. A strip of filter paper 3 inches wide moves
Scntinuously at a predetermined rate over a rectangular sampling port,
1 in, x 1-3/4 in.) The particulate material in the amercsol was filtered
oto the paper which passes under a shielded scintillation counter where
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Fig. 2.7 Cross-seotional Drawing of the Electrostatio
Precipitator Cylinder.
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the activity was messured and a racerd made on an Esterline-Angus re-
corder. See Fig, 2.8,

“
o . 4,
3

'._ K
!‘ i I .
. . : . ;-.. NG " .'.,'i.‘:‘ e B o . .'., - )
L] B U S SNIPIIE Lo Vs ot A AP T EREDP LR ¥ SRR SRRSO PRI S0

.

Fig. 2.8 Brockhaven Continuous Air Monitor,
Count Rate Veters Omitted,

The rate-meter and recorder were housed in a shack while
the ajr sampler and scintillation counter were s tuated in a four foot
8holf outside, A Plastic cover protected the sampler from fall-out,
OXcept at the sampling port. The purpose of this procedure was to sam-
Ple the cloud and protect the air sampler as much as possible, Csllo-
Phane sheet was fed from a roll onto the re-wind spool of the air sam-
Pler betwoen successive layers of filter paper to eliminate cross con-
tam’m&tion 80 that the filter paper could be recounted in the event of
“meter or recorder failure. Rubber foem mats were placed under the
%lsctronge equipment to reduce vibration. Eleotrie power (110 volts,

on :y°10) was supplied by a generator driven by a 2-cylinder gasoline
Sine,

-27 -
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The important festure of this fnstrument 1s that the
sanple 16 continuouely cnllected on an area 1 in. x 1-3/4 in., tha
activity measurement is made over a ccntaminated strip 1 inch in
width, and the radiation detector tube off-set anproximately § inches
from the center of the samplins ports, which results in a 30
minute delay between sampling and siznificant countinz. The total
time required for a one square inch (the size of the counter face)
of filter paper to trevel the sampling port is 41.25 minutes. There-
fore an estimate of thy activity in a cloud 1s hased upon thils per-
fod of sampling which ends appreximately 52.5 minutes prior to count-
ing and recording. A detailed discussion of the calibration of this
Instrument is given in the Appendix.

2.6.2 Tracerlab Air Monitor

This instrument also employs an alr pumping system
(2.6 cu. ft/hin) with filter paper 6 inches wide traveling at 7 inches
per hour or multiples of 1/4, 1/2, 2, and 4 times this rate. Wax pa-
per was fed between successive laysrs of filter paper to prevent cross
contamination. A Tracerlab P-12 alpha scintillation probe and a lsad
shielded Tracerliab TGC-1 Geizer-ifuller tuhs were omployed to detect
alpha, beta and gamma radiations. The output voltans from two linear
count-rate meters wus recorded on a two point chart recorder manu-
factured by the Brown Instrument Company. The ontire unlt was housed
in a metal cabinet and located in a shack with two alr intuke pipes,
12 feet long, extending from the instrument through the roof of the
shack into the atmosphere. See Fizs. 2.9 and 2.10.

The important feature of this monitor was that the radia-
tion detectors were located direstly over the sampling ports (2,25 in,
diameter) and the activity was measured over this circular area, Inas-
much as deposition of the aerosol and counting occurs simultanoeously,
no time lag occurs. However, it may be noted that the counter reading
at the time of deposition is not the same as when the tape is replayed
through the instrument at a later time, despite correction for radios-
active decay. A detalled discussion of this and other problsms of in-
strumant calibration may be found in Appendix C.

2.7 RADIOLOGICAL AIR SAMPLER

The Radiological Air Samplar (RAS) was a modification, for Opera-
tion JANGLE of the Portable Air Sampler (PAS) used previously by Test
Division, CRL and Dugvay Proving Ground, Utah, Its purpose was to pro- .
vide an Iintermittent type of samplsr capable of collecting a radiocactive
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asrosol as a function of time. As the sampler contains ita om 6 volt
DC powsr supply, the necessity of laying long power lines is avoidedq,
thus simplifying its installation in the field.

2.7.1 }29_315“

The renaral layout of the componants of the RAS are best
seen in Fig. 2,11, TIhkis instrument was surmounted by twolve plastic
"molecular®” filter2S assesbliss through which air was pumped success-
ively for ten minutes by meens of a rotary solenoid air walve controlled
by a cyclin_ mschanism. The sampler was started five minutes prior to
shot time dy a siznal which closed a 24 volt DC latching relay. ¥ach
filter in turn sampled the air for ten minutes and then the instrumant
automatically turned itself off. The complete design details of the
RAS have been given previouslylé4,

2.7.2 Calibration
Calibrations of the instruments at the test site were
rade by usin~ a molecular filter assembly in the line of flow. The flow
calibration data was obtained usinz a Dry Test Meter and is shown in
Table 2.7.
TABLE 2.7

Radiological Air Sampler Flow Calibration

RAS Flow Rate
Code Liggfg/kinuto

A 0.380

B 0.385

c 0.445

D 0.445

E 0.440

F 0.440

H 0.445

I 0.450

K 0.440

T35 1exander Goetz, "Molecular Filters", Report of Symposium III, Aero-
gols, Chomical Corps Technical Command, Army Chemical Center, ¥d.
4 April 1950,

145, p. wilcox, W. R. Van Antwerp, C. S. Elder. A Radiological Air Sam-

ler - A Modification of a Portable Air Sampler. CRL Interim Rpt. 103
ACC, Md. T2 Apr 52,
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Fig. 2.11 Radiological Air Sampler, Showing Filter
Heuads, Rotary Air Valve, Pump, Timing

Mechanism, and Battery.

2.8 PALL-OUT TRAYS

. The purpose of the fall-out trays was to collect samples of the
all-out for particle size distribution, activity measurements and radio-
Shomical analysis.

2.8,1 Design

Wooden trays 23x36x2 in, with an effective exposure area
of 21x34 in, were lined with thin sheets of polyethylens plastic approxi-
Mately 0.001 in. thick, The trays were located on top of 7 feet high
O%ers and 8 feet hizh shacks and covered until aporoximately 12 hours '

- 3] -
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hoefore the test when all covers ware removad, Revaral trays weres lo-
cated on the ground wherevnr shacks ware not available or the NRDL
thermal precinitator occupled the top of the tower. After the test
the trays ware covered, returnad by truck to the rear area, end sev-
eral hot particles removed for mlcroscoplie analvasis at the test site
by personnel of the Army Vedical Centerl®., Tho revainier of the sax-
ple wus baz~ed, crated, and relurned by air to the ACC for particls
size snalysls and radiochemistry.

A possible disadvantare of the fall-out tray was tha un-
cortalnty of the amount of material blown out of or i{ntn the tray.
Three trays were cxposed to atmosphariec conditions in the tast area for
several days and tha amount of dust accumulatead was too srall to bhe
weighed on a torsion balunce, OCn this basis it was reasonahle te as-
sume that under normal conditions at the tast site, insic¢nificanrt a-
mounts of material were blown {nto the trays. Fizure Z.12 shows a fall-
out tray in position at a typical station,
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Fig. 2.12 Fall-out Tray Installed at a Typical Station.
A filter sampler and a particle separator can
aleo be seen.

lshoy D. Maxwell, Radiochemlical Studles of Large Particles, Project
2.5a,0pzration JANGLE,Army !edical Graduate School, iwashingzton,D.C.
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CHAPTFR 3

EXPERIVMENTAL PROCEDURE

3.1  STATION LAYOUT

On the basis of pre~shot meteorological data accumlated at the
test sice, 46 sampling stations were located for each shot as showm
in Fig. 3.1 and 3.2. The general layout for each shot was the sams,
hevover minor changes in position were made to take advantage of
differences in ground elevation. Equipment was sacured to steel
towers which were bolted to concrete foundations (this considesrabdle
ovardesign of equipment was the result of the change from Operation
WINDSTORM to JANGLE) within 4000 feet and wooden foundations beyond
4000 feet of the zoro point. Sampling was done at 7 fest and 2 feet
above the ground. Figuras 2,11 and 3.3 illustrata the appsarance of
typical stations of this project.

3.2 DISTRIBUTION OF SAWPLING EQUIPMENT

The following itens of sampling equipment were used:
1. Filter sampler

2, Cagcade impactor

3. Conifuée

4. Particle separator

5. Flectrostatic precipitator

6. Continuous air monitor

7. Portable air sampler

8. Fall-out tray
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Table 3.1 showas the manner in which the equipment was dis-
tributed. This distribution was based on a prior study of the
woather, and the number of samplers available.

3.2.1 A Typical Station

The followling instrumsnts represent a typical tower
ingtallation; filter sampler, cascade impactor, conifuge, and par=-
ticle separator. One 24 volt battery rated for 35 ampere hours was
placad at each gtation for each pieco of equipment requiring a
24~-volt motor. Bach motor required 10 ampere hours. 9ne hundrad and
ten volt AC gonerators, rated at 3 XKW were used at stations which
required continuous air monitors, electrostatic precipitators or AC
motors.

3.2.2 Trigggring

At shot time minus 5 minutes a relay was clossd by a
algnal which activated the clock relay and turned on the powar supplye

It is of interest to discuss briefly the clock which
controlled the sampling period of the instruments. Figure 3.6
shows the 8 day clock nrechanism employed. It is of a type which
can ba get to open or close a relay for any hour of a particular day.
Since shot tims could not ba accurately forecast, the follewing modi~
fications were made to allow flexibility in the time of firing. Ome
end of a rigid wire was fastened to the clesing latch of a relay and
the other end was insertsd in the balance wheel of the meachanical
clock; the clock was then wound and set so that the micro switches
rore closed and the relay was opea. When the relay was closed at
shot time minus five minutes, the rigid wire attached to the closing
latch was pulled away from the balance wheel and the clock was started,

‘ At shot, time plus one hour and fifty-[ive minutes the
clock mochanism opened th: micro switch and caused the relay to open,
disconnected the power supply, and stopped the sampling apparatus.
Figure 3.5 gives the details of these circuits.

The cascade impactor required a scparate timing device
bacause it 1.as necessary to sample for 1 minute when the cloud had
arrived at the station. See Fig. 3.6+ A longer sampling period would
have provided excesaive sariple vhich could not bs analyzed wicro=
scoplically for particle size distribution.

- 38 -
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Flgs 3.4 Clock and Triggering Machanism. The Rigid Wire
Leads From the Relay to the Balancs Wheel. hen
the Relay is Closed the Wire Was Withdram From
the Balance Wheel, Starting the Timing of Equip~
ment, The Outside Dimensions of the Box Are 10-1/2
by 10-1/2 Inches,
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The triggering device was a Beckman MX~7B radiation
detection alarm that was 50 per cent discharged and modified so that
it would closs a micro switch after being exposed to 50 milliroentgens.
The alara was placed on top of a tower and shielded in a well of lead
brick, 8 inches thick and open at the top, thus it would presumably
only be discharged by the radiation from the cloud.

After the cloud radiation discharged the MX-73 and
closed the micro switch, the power relay was closed and supplied
power from the 24 volt battery. The left pole of the relay upon
closing ahunted the MX-7B micro switch out of the circuit thus
elininating the possibility of its opening due to low current capacity
and causing the circuit to function impreperly. The right pole of the
relay performed two functions upon closing; it connected one side of
the battery to the cascade impactor motor and started the cascade im-
pactor since the other side of the battery was connected to the motor
through the left pols of the relay, and it also placed the clock
golenoid coil across the battery. when this solenoid was placed
across the battery it drove the plunger against the start button of
the machanical stop clock and started the clock. The sweep hand of
the clock was arranged so that after one minute it came in contact
with a terminal connected to one gide of the battery and thus placed
the coil of the relay acrogs the battery through the sweep hand and
threw the relay to the position opposite of that shown in Fig. 3.6.
This action opened the cascade impactor circuit and at the same time
shorted the terminals of the battery across the 30 ampoare fuse; the
fuse blew, and the battery was removed from the circuit eliminating
the chance of the circuit recycling.

3.3 COLLECTION AND SHIPMENT OF SAMPLES

3.3.1 Surface Shot

Sampie collections stafted after 4 hours and were com-
pleted within 30 hours after detonation. Rapid collection was
possible dus to the fact that all stations were lightly contaminated
with the exception of those stations in the north-north east sector.
Collections along these "legs™ were doferred for approximately 20
hours to permit the area to "cool off". Mo pick-ap team accumulated
mre than & 1 roentgen for the test; the maxirnm allowable dose for
each test being 3 roentgens.

The collection of samples was accomplished by 8 groups;
each consisting of a group leader, assistant, and a radiological safety
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moni tor; and each responsible for approximately € astations. In-
dividuals wore protective clothing furnished by the radioclogical
safety organization at the tsst gsite. This consistsd of cotton-
khaki coveralls, white skull cap, gloves, booties, respirator, and
masking tape te seal the trouser-bootie opening. Perasonnel handled
the sampling ingbruments with gloves. Filter sampler papers and
portable air gsamplers were placed in wooden boxes and returned to
the project office at the test site. The National Institute of
Health (NIH) laboratory at the test sits started activity measure-
ments on filter sampler papers approximately 12 hours after shot
time and completed measurements within approximately 48 hours.

Cascade impactors, conifuges, and particle separators
wore removed from the towers and the impactor slides and conifuge
liners were removed in a dust-free room.

All samples were shipped in wooden boxes by military
air to either the Army Chemlical Center, Md. or Tracerlsb, Inc.,
Boston, Mags., and analytical work was started approximately 5 days
after shot time.

3.3.2 Underground Shot

Sample collections were started 6 hours after shot time
and were completed 4 days later. Slow collection was necessitated by
the fact that many stations were heavily contaminated. As in the
surface shot, the heaviest contamination occurred in the north-north
eagt sector, and entry into this arsa was delayed about 4 days.

The procedurs of handling samples on this test was

similar to the surface shot. Activity measursments were atarted 12
hours after detonation.

3.4 TREATMENT OF SAMPLES AT ACC

Shipmenta received at the Army Chemical Center were opened,
Aisassembled, and distributed for analysis among the various groups
in the Chemical and Radiological Laboratorises according to a pre-
arranged plan., Cascade impactor plates and conifuge cones were re-
moved in a dust~free room and alalyzed for activity and particle
8ize, Laboratory analysis started approximately 8 hours after the
recsipt of samples at the ACC,

JREST TV

-43"' 1

e 44 blavk




CHAPTER ¢

DATA AND R-ZSULTS

4.1 CONCENTRATION OF ACTIVITY IN Tde ASROSOL

4.1.1 Filter Samplsr

Approximately 48 filter samplsrs weros employed in each
shot of Operation JANGLS to obtain samples of the aerosol from which
activity concentration data could be derived. As described in para-
graph 2,1, these instruments sampled for a period of from $ minutss
before to 115 minutes after shot time, and ylelded basic data in the
form of filter papers upon which was deposited a measurable amount of
radioactivity.

The avserage conaantration of activity at each station
over the intorval H/b to HA115 minutes could be computed by divlding
‘the measured activity {corrected for decay) by the volume of air sam-
pled in 115 minutes. Howewer, in order to obtaln the concentration
of activity in the cloud, 1t was necessary to know when and how long
the instrument actually sampled the cloud, information not obtuinabls
from the filter sampler itself. It was orizinally planned %o deter-
nine these quantities by an examination of aerial photographs and the
N8BS gamma intensity data (Project 2.1a), but after careful study of
Fecords from both these sources the conclusion was reached that this
determination would be possible for only fivs stations, all in the
Underground shot. The difficulty arose in defining the "sdge™ of the
complicated oloud structure either visually, or in terms of the gam-
ma intensity. This was partioularly true for times later than about
15 minutes after either shot, and for dirsctions other than downwind,
For example, from the photographs, it appeared that many crosswind
stations never sampled the cloud, even though fair amounts of radio-
activity were found on the filter papers from these stations.

To estimate the concentration of activity in the cloud,
then, it was first necessary to estimate when and how long each fil-
ter sampler sampled the cloud proper. This has been done by assuming
® reasonable model of the cloud, based upon the data obtained from
terial photographs, and calculating when this cloud arrived and de-
Parted from each station. The elapsed time and lengthi of sampling
tine wore then caloulated and conpared with the figures used to cal-
Sulate the 115 minute concentrations, resulting in factors which
Sould be applied to the latter to give the concentration in the cloud
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proper. These factoras wero employed in order to emphasite the effact
of these calculations. It should be noted that the cloud model, be-

cause of the restrioctive assumptions regarding its size, was applied
only to the downwind stations.

The following i: a description of the clsud models

At zero time a cloud of diameter do is rapidly created.
This cloud drifts downwind in a atraight line, the velocity of the
sentor of the cloud V being a constant 5 mph, or 440 feat per minute,
The subsequent cloud diameter d increases with tine, and hence with
distance from ground zero r according to the equation:

d' s dp / 0.1(1’)

The arrival time of the front edge of the cloud at station whose dis-
tance from ground zero is r is:

The length of time of sampling isa

d
t2- t) = V

The elapsed tims betwaen zer> tims and the tics at which this sampl-
ing took place has boen chosen as

5/ fort,
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The obsarved initial diamoter of ths cloud was:

Surface Shot = 880!
Underground Shot = 3750

Table 4,1 presants thes results of these calculations for the appropri-

ate distances from ground zero. The factor f£1 in column § is tho ratie
of the 116 minute sampling period to the sampling period determined on

the basis of the model:

f£1 = Ezl%ﬁgi

The factor f£2 in column 7 is the mctivity correction that must be ap-
plied to correct the activity from H/60 min. (see next paragraph) to

B / Jt1%2 minutes. The product fyfp, therefore, is the correction fac-
tor that must be applied to the 115 minute concentration data to obtain
the approximate concentration on the cloud proper. Table 4.1 also

gives the arrival of the front and rear edges, respectively, of the
cloud at the only stations where these oould be observed from the asrial
photographa.

Tables 4.2 ani 4.3 present the average concentration of
activity over the 115 minute sampling period, (col. 3) together with
the data required for this determination (Cols. 1 and 2). It will be
noted that the selection of H/60 minutes as the time to which the activ-
ity for all stations is ocorrected is an arbitrary selection. The 115
minute concentrations have been plotted on a station layout in Pigs.
4.1 and 4.2. From these plots stations .ere selected at which the con-
centration of the activity in the oloud was calculated, The latter
soncentrations and the factors which produced them are listed in cols, 4
and 5 in Tables 4.2 and 4.3.

Activity measurements were made on Chemical Corps type 6
filter paper initially by NIH at the Nevada Test Site within 100 hours
8ftor each shot, using a Model PC-1 proportional counter made by the
Nuclear Measurement Corporation, Second and third papers were radio-
dutographed in many cases and found to be free from activity. In the
fev cases where activity wae observed, 1t was attributed to leakage
through the odges of the filter paper package since the filter paper is

3.97 per cent efficient for 0.3 micron particles at a flow rate of 32
lters per minute through 100 square centimeters area.
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TABLE 4.1

Calculation of Sazr~ling Interval and Elapsed Time
on the Basis of Cloud Modsel

T ' - )
rlo0h Y2 | Bt -
(feet) (min) (mdn) | (min)} 1 172
Surfa t

2,000 | 3.3 5.8 | 2.5 U6 4.3 |24 1.1 x2107

3,000 | 5.5 8.2 | 2.7 U3 6.7 |14 6.0 X 1o§

4,000 | 7.4 10.5 | 2.9 B9 8.9 [10 [3.9 X 10

6,000 | 11.9 15.3 | 3.4 B4 13.5 | 6.1 |2.1 X 102

8,000 | 16.3 20,1 | 3.8 PO 18.1 | 4.2 [1.3 X 102
11,000 | 22.3 27.2 | 45 26 25.0 | 2.9 |7.5 x 10}
14,000 | 29.2 3444 | 5.2 [22 31.7 | 2.2 [4.3 X 10}
20,000 | 42.1 8.7 | 6.6 N7 4544 | 1.4 (2.4 X 102
30,000 | 63.7 72.5 | 8.8 [13 68,0 | .86{1.1 x 10t

50,000 .07, 120, [13. | 8.8 [113.0 | .45/3.9 L
nderground Shot

2,000 G 9.2%| 8.3 3.9 | 3.0 |37 [5.2 X 10°

3,000 | 2.3 Wady,| 91 026 | 5.1 {19 [2.4 X 1072

2.1# 11.5 )

4,000 | 4eb 13.7 | 9.3 2.4 | 7.8 |12 1.5 X 10

4% 13.7%
6,000 | 8.8 18.5 | 9.7 1.8 | 12.8 | 6.5 {7.7 X 10t
8,.5% 18.3%

8,000 | 13.1 23.3 |10.2 1.3 | 17.5 | 4.4 |5.0 X 10}
11,000 | 1946 30.5 |10.9 [10.5 | 2445 | 2.9 |3.0 X 101
14,000 | 26,0 37.6 (11.6 | 9.9 | 31.3 | 2.2 [2.2 x 10t
20,000 | 32.0 51,9 (129 |89 | 45.0 | 1.4 1.2 x 10}
30,000 T60o6 75 07 15 01 706 6708 086 605
50,000 102, 123, [21.0 | 5.5 [112.0 | .47[2.6

* Values obgserved from aerial photographsa.

- A48 -~




TABLE 4.2

Filter Sampler Concentration of Activity, Surfacs Shot

rAct.iv'it.y olurs Saupled “vorAgo Conc 4 Conc. of
at H ¢ 60 [Between Zero of Activity | Factor JActivity
Station | minutas nd H ¢ 115 mind ovor 115 ming in Cloud
C
X .6 EB. 1,1 A-i
pe . led X307 | em L T | oem |
1 4.3 X 10* L 1.0 X 10™7 p.1X162|1 X 1072
2 | 8.l 4e6 1.7 X107 h.1x10?| 2 x 1072
3 2.1 4ot 4ol X 20™7
4% 1.0 2.5 4 X 1077
5 7.8 X 1073 2.8 2.7 X 1072
_ 6 | 1.9 X 10 4e6 4,2 X 1077
7 3.3 .2 7.9 X 107 6.0 X302 5 x 1074
' 8 2.5 48 5.2 1077 16.01102| 3 X 10™
9 5.6 X107} 4.3 1.3 X107/
10 5.6 X 1071 2.0 2.7 X 10~/
11 6.9 X 10™4 4o 1.6 X 10710
12 1.2 X 1073 47 2.7 X 10720
13 3.8 3.9x10%2
14 2.2 4. 5.3 X 107 [3.9X102] 2 x 10~
15% 9.9 X 107} 4.0 2.5 X 10™7
16 9.1 ¥ 1071 3. 3.0 X 10~7
17 0 4.3 0
18 4.9 X 1074 4.5 13 x 10730
19 1.6 11.1 1.2 X 1077
20 9.7 2.1x10%
2 Lok 11.0 3.9 X 1077
22 4.8 11.7 4. X 1077
23 1.4 X 10t 10.6 1.4 X 10°6 |1.3x102| 2 x 1074
24 47 9.3 5,0 X 1077
250 1.3 X 1071 9.6 1.4 X 2078
2% 4. 12.2 3.2 X 1077 .
27 1.6 X10°H  11.6 1.4 X106 |7.5x101 | 1 X 1074
28 6.6 Y1073 11.0 6.0 X 10710
29 2.6X100| 1.3 2.3 X10°¢ |4.2 x10t| 1 x 1074
30 4.7 7.7 6.1 X 107
Et 6.6 X 1073 849 7.4 X 10710
32 7.8 X103 12,0 6.5 X 10™10
33 11.9
;1. 3.6 1042 3.5 X 1077
5 4a5 10.6 4.3 X 10
36 4.7 11.9 3,9 1077 11ax10| 4 x 1076
L3 | 2.6x10Y 1200 2,2 X 10~8

* Instrument did not function properly.
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TARLE 442 (Contd)

Activity :Jolum Sampled | Average Concj Conc. of
at H + £0 | Betwoen Zero of Activity [Factor Activity
Station| mirnutes rnd H &+ 115mdn. | over J1% min ¢ in Cloud
%o c
e em® x 108 /‘igm-j 1 ?
e T PN S T B T T e T e
38 1.8 .6 2.1 X 107/ »
39 4.1 10,6 3.8 X107/ B9 1 X10
40 1.3 £.3 1.6 ¥ 107
a* | 2.2X1079 10,2 2.7 X 107
42 511104 9.0 5.7 11078
43 0 8.1 0
L 4e7 X 1073 842 5.7 X 10710
45 3.2X1073 1.2 2.8 X 10710
46 2.8 X107  10.2 2.8 ¥ 1078 | N
* Ingtrument did not function properly.
TABLE 4.3
Filter Sampler Concentration of Activity, Underground Shot
Activity Volume Sampled|Average Conc, Conc, of
at H # 0 | Between Zexo &| of Activity |Factor Activity
Station |zdnutes He 60 Mn Jover 115 min, in Cloud
K RS
pe lem? Xagh cn’ 52 o
100 5.2 X 102
202 3.6 x 107 4eb 7.7 X 105 |5.2 X 102 | 4 X 1072
103 lLed
104 [5.5 ¥ 107} 2.5 2.1 X 1077
105 |g.5 X 1072 2,8 3.0 X 1077
106 4.0 4ab 846 X 2077
107 |4e4 X 102 el 1.0 X 10™% (2.4 X102 |2 X 1072
108 |4.6 X 107 4.8 9.5 X107 [2.4X10% |2 X102
109 2.9 x 102 43 6.8 X 10~3
110 |5.2 X 107+ 2.0 2.5 X 1077
111 (1.2 X 102 440 29X 10:,;
112 |2.8 4eb 6. X 10
113 3.8 o 15 x 102 "
v 11 1. x10° 4 2.6 X100 [.5XY10°|4 X 10




TABLR 4.3 (Contd)

Activity |Yolume Sampled | Average Conc., Conc. of
at H & 60 |Botiaen Zero & | of Activily |Factor Activity
Station|rdnutes H ¢ 60 Min over 115 min. in Cloud
he_ re,
3X_ 6 3 1tz 3
§in . cn 10 o an .
15 167 X210 ,| 4.0 1.6 X 10
16 7.3 X110 3.0 2.4 X 107
117 |2.2 4a2 5. X 1077
118 1.2 4ol 2.6 X 10_¢
19 (121105 [ 1. 1.1 X 107
120 {4.5 X 10 9.7 4.7 X107 |7.7 x 10t |4 X 1073
121 {43 X10° | 11.0 3.9 X 107
122 [2.6 X 102| 117 2.2 X 1070 )
123 |13 X 10’1; 10,6 1.0 X102 |30, X10~}{ 5 x 10~
12, {(4.0X 131 9.2 4e3 X 10:2
122 2.9 X1 9. 3.0 X 10
12 12.1
127 741103 | 11.6 6.4 X10% |3.0x10 |2 x 1072
128 (1.4 X 162 11.0 1.3 X 10™0
129 |e.2 X 103 11.3 7.8 X10™4% 2,2 x10! |2 x 1072
130 7.5 X 10t 7.6 9.8 X 1076
131 849
132 |2.8 12.0 2.3 X 2077
133 11.8 1.2 X 10>
134 |2.9 101 2.8 X 107
135 10.6
136 11.9 6.5
137 | 4.6 12.0 3.2 X 1077
139 [1.0 X 10 10.6 9.9 X 10 2.6 3 X 10™5
140 9,2 8.2 1.1 X 1076
14 1041 -
142 |24 9.0 2.4 X 10
43 |79 8.0 9.8 X 10~
144 [2.2 X 10t 8.2 2.6 X 10~6
145 (3,710 114 3.2 ¥ 10~8
146 9.6 X 10'2 10,1 94 X 10:%0
| 147 199 x10 11.0 9.0 X 10
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Fige 4.1 Lines of Fqual Concentration of Activity, Surface Shot
Activity Corrected to H + 1 Hours, Sampling Time 115
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Fig. 4.2 Lines of Equal Concentration of Activity, Underground
Shot. Activity Corrected to H ¢ 1 Hours, Sampling
Time 115 Minutes.
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All activitinag wore corrected to a coomen ti=o by noans
of a decay curve obtained frca a alngls staticn. Unfortunately approci-
mately 40 per cent of the filtor papers from both shots were too activo
tc be coumted by HIH; thuss wure sent by military alroraft elther to
Tracerlab or to ACC, whars thsy were counted betveen 120 and 600 hours
aftor the ghot., At these two laberatorles activity msasurc. nte ware
corrsoted to a cormon tima (ACC, BALOO hours, Tracerlad, HI500 houra)
by means of the decay curves from th> individual filter sazplora.

Extrapolation of actlivity data back to very early tizass,
was accomplished by use of ths decay curves obtained by NIH! froa cra-
tor and 14p samples, These are presented in Fig. 4.3. The experiment-
al data from whioh thess curves were derived began at approxinately
H/4 hours and continued to about H/bOOO hours, Extrapolatious have
been made to HZ0.) end HA10,000 hours,

Wherever possible the decay slcpes from these "master”
curveer were compared with the decay slopsa obtained at various tims in-
tei1vals from several filter samplers and various other equipreni and
agreement was considersd satisfmotory., Bxact agreemsnt is not achisvad
because of fractionation (See Par. 4.5.3) which influences the dacay
slope of samples taken at varlouas distances from ground zero. Th» use
of a single decay curve for all the filter sampler data thus introduces
an error in the extrapolated activities.

4.1,2 Alr Monitors

Three Brookhaven continuous air monitors (BCAM) and aix
Tracerlab continuous air monitore (TCAM) were employed to measurs the
radioactivity of the aerosol for both shots of Operation JANGLE. Ta-
ble 4.4 surmarizes thelr operation. It can be seen that a large nun-
ber of failures ocourred which were attributed either to failure of ths
110 volt motor generstor set2, or mechanical failures of the instrumoents
themselves. These latter difficulties were largely due to the dolicate
nature of the monitors under the savere conditions of the Nevada Test
Site and the receipt of the TCAMs only a week prior to the surface shot,

For the surfece shot, ths BCAM at station 38 (30,000 ft.
FE and defiladed by a ridge from the zero point) furnishes an interest-
ing record as showm in the "raw" data plotted in Fig. 4.4, Of particu-
lar interest is the oosurrence of a "pip" approximately 5 minutos after

Tlatter from WIH, dated 7 February 1952.
2The large quantities of fine dust at the Test Site tended to rapidly
foul the spark plugs.
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TABLE 4.4

Alr Monitor Qperation for Surfeace and Underground Shots

iﬁ;g;:n Instrument Operation

S .- -
36 BCAM Defective rate mster prior to test
37 BCAM Motor zenerator failure
38 BCAM Vacuum leak, qualitative data
29 TCAM Satisfactory
30 TCAM Shear pin failure, data obtained
31 TCAM Motor generator failure
39 TCAM Satisfactory although off scala
40 TCAM ¥zchanical failure
4] TCAM Motor generator failure
136 BCAM Motor generator failure
137 BCAM Capstan frozen to sampling port
138 BCAM Imperfect filter paper ,
129 TCAM Mechanical failure
130 TCAM " "
131 TCAM " "
139 TCAM Recorder broken, repley dat4

obtained
140 TCAM Satiafactory
141 TCAM Satisfactory but low concentration
- 56 -
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CONCENTRATION OF ACTIVITY (MICROCUR:ES /G:33)

STATION 33

H+l N+2 H+3 Ht 4 H+S
TIVE AFTER SHOT (HOUNS

Fig. 4«5 Approxirate Concentration of Activity at Station 38,
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toro tire (0900 hour. #:T). This "pip™ appoare to bs identifiatle only
as external garme +1i! tion from an ovartead clsud whaes averaze spued
wis about 20 mph3, Fi -, 4.5 presents the sare data ccnverted to micio-
curies per cubic cen* . roter by the xothode described {n Appsnlix B to-
gethar with appropriate allecwnncos to instrurnat tire lag, The maxinun
at 1N00 hours correeponds to a grounl-level cloud spead of about 5 mph.
Unlortunately the exact flow rate through tha instrun~nt is in doutt

dus to damage to the vacuun line right angle bend which could not be re-
paired prior to the zero hour so that the data of Fig. 4.5 must he re-
gardad as approximate, It is interestin: to note that the rate of oharge
of ths ground-level ocloud activity concentration appsars to have been as
rapid as ths BCAM was able to msasure, It would thus appsar that the
BCAM in its presont form 1s nct well sulted to monitor such rapidly chang-
ing concentrationsa,

For the surface ghot, the Tracerlab Continuous Air Monitor
(TCAM) at station 29 furnished a record of events which are plotted in
Fig. 4.6, The cloud apparently arrived about an hour after shot time
and either rerained there for a number of houre, or as appears more like-
ly, gamms radiation from local fall.out contridbuted a significant count
rata to the instrument.

The TCAM at station 30 falled whoo & shear pin in the paper
drive mechanisms broke, causing the monitor to sample on one spot of fil-
ter paper. Howaver, the beta activity concentrations were readily ob-
tained by graphical differentintione? of the recordesd counts per minute,
dividing by the volumetric flow rate, and applying the efficlenoy factor
for a uniformly contaminated tape as derived in Appendix C. This record
is presented in Pig. 4.7. The sharp changes of activity concentrations
in the ground-level cloud cen be especially wall seen hers since no instru-
ment time lag or averaging error exists for these data.

Due to a pre-shot estimate that the 20,000 c/h beta scale
wag most desirable for a distant station, the TCAM at surface shot station
39 went off scale ( > 44x10-7 uc/%c) at about H/i.s hours and remained
there until the record was retrieved by the pick-up crow on 20 November,
The count rate record obteined is shown in Fig. 4.8. Of especial interest

—————

8 ground-level cloud ocould not have been sampled on the tape and register
as early as 0915, Ses paragraph 2,.6.2 for time lag discussiom.

4It may be noted that while a moving air monitor filter tape furnishes an
averaged oconcentration directly, the derivative of the record obtainsd
from a stationary tape gives instantaneous concentrations.
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i3 the alpha count rate pip which occurred at about H/A2 hours. This
pip occurred after cessation of a shot time beta pip (see discussion
of BCAM 38) and prior to the hump due to the ground-level cloud.
Since the beta record at this time shows nothing it is difficult to
explain this eoffect.

A more regular record was obtained from the TCAM at sta-
tion 140, in the Underground Shot. Fig. 4.9 presents the concentra-
tion of activity derived from the instrument at this station.

4.1,3 Particle Separator

Concentration data were obtained from particle separators
used in each shot of Operation JANGLE by sumning the activities meacsured
on all the sampling elements of the particle separator, correcting for
decay, end dividing by the volume of air sampled in the 115 minute sampl-
ing time, These data, of course, represent the avorage concentration
in the air over the 115 minute sampling time. Concentration of activity
in the cloud was computed using the sampling time and elapzed time as
dstermined from the cloud model described in paragraph 4.1.1, for select-
8d particle sepsrators. These data are presented in Table 4,5.

The eleven screens, the metal disc, and the molecular i1l
ter of each partlcle eeparator were counted in a Nuclear ¥easurement
Corporation PC-~1 proportional counter, It was necessary to use two rings,
one plastic and one aluminum, to prevent excessive contamination, hold
the screen in place in the chamber, and yet insure suitable contact with
the piston. 1In counting the surface shot sarples it was found that the
screens, metal dise, and molecular filters caused disturbances in the
counting chamber; namely, the counting rate of any individual sample ds-
creased with time. The surface shot samples had essentlially no loose
particles so colloidal graphite was sprayed on each sample before count-
ing. After this treatment, reproducible messurements were obtained., The
underground shot samples presented a more difficult problem since there
was a large deposit of looss granular particles on most of the screens
except the molecular filters. These screens were covered on both the in-
fluent and effluent sides with scotch tape. 1In this way it was possible
to achieve reproducible results without seriously effecting the betas count,
ing rates,

These activity measurements were made between 150 and 400
hours after the Surface Shot, and in two series, 400 to 800 hours and
1000 and 1200 hours after the underground shot, due to the extremely high
sctivities encountered, Dscey corrections were made to H/?OO, 400, and
1000 hours respectively by means of the individual decay curves for each
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Particle Separater Concentiration of Activity

( Activity [Volume of Air|Average Ccnc.{ Conc. of
Corrected to| Sampled in |of Activity |Factor cbivity
Statien!H + 60 min. | 115 minuteg |Over 115 min.d £ f n Cloud
| (ue) (3 X 106) | peyea® | 12 (pefer”
Surfara Shot 4 — .
8 6.1 3.0 2.0 X 10 6.0 X 10° |1 x10™°
9 11 2.1 5.3 X 1077
14 10.2 2.8 3.6 X106 |3.0x102]1 x10°3
15 0.64 2.8 2.3 X 1077 ” -
20 4.6 2.9 1.5 X 10 2.1 X 10°| 3 X 10
21 2.4 3.0 8.1 X 1077
23 4e2 3.0 1.4 X10°6 1.3 x10%| 2 X107
24, 1.6 3,2 4.9 X 1077
28 0.91 3.2 2.8 X 1077
.29 | 0.3 3.3 2.8 3107 |48 x10t]|1 x107°
S Undargro Shot ., . -
106 [1.6 x 107 3.0 5.5 X10 ¢ |2.4Xx10%[1X10"
109 [4.2 X 102 1.5 2.7 X 1074 a
114 {2.7 X 103 2.7 1.0 X102 [1.5x10° 2X10
115 |6.9 x 10t 2.7 2.5 X 1079
120 3,3 X103 2.1 1.2 X 10™ 7.7 X 10t | 9 x 1072
121 |3.8 X 107 2.9 1.3 X 1074 .
123 |3.8 X 103 3.4 121 x103 [5.0Xx10t] 6x 10"
124, 4.4 X 1o§ 3.2 1.4 X 1074
128 4.2 X10 3.2 1.3 X 1074
129 {2.9 X 102 3.5 8.6 X 100 |2.22x100| 2 x 1073
[ 130 2.9 x 102 3.1 9.7 X 1075
]
- 65 ~
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sampling soreen. The NIH decay curves (Fig. 4.3) were used to correot
all activities to earlier times,

4.1,4 Cascade Impactor

Concentration data was also obtalned from seven cascade
impactors in the surface shot and ten cascade impactors in the under-
ground shot. Ae discussed in paragruph 2.2.1, thase instrumente con-
tained five slides and a molecular filter, By summing the measured act-
ivities on these elements, correcting for decay, and dividing by the
volume sampled, the concentration of activity was determined. Since
some of these instruments sampled for only a minute, and ware initiated
by a radiation alarm upon arrival of the cloud, the conceantrations der-
ived from these lastruments should represent the concentration of act-
ivity in the cloud proper. The balance of the cascade impactors sampled
for the usual 115 minutes, and their concentration data should represent
the average concentration over that intsrval, The data from selected
{mpactors of this latter group have been corrected by the methods des-
cribed 1n paragraph 4.1.1 to produce the concentration of activity in
the cloud. The entire dath are presented in Table 4.6.

The measurements of activity on the cescade impactor
3lidss were made in a gas flow proportional counter (Nuclear Masasure-
monts Model PC-1) in which the brass piston forming the base of the
counting chamber was milled out in such a manner that the surface of the
sl.ide was flush with the surface of the piston, Calibration was accom-
plished with a UXIIB standard mounted with the same geometry as the sam-
pl.o geometry. No corrections were made for absorption or acattering.
The measurements were completed by about HZ200 hours and were corrscted
to H/IOO hours by means of individual decay curves. Use was made of the
N1H decay curves (Fig. 4.3) to connect back to HA1 hours.

4,1.5 Radiological Air Sampler

The Radiological Alr Sampler which consisted basically
of twelve small filter samplers sampling in succession, was desipned to
produce concentration data as a function of time. The decision %o use
these instrumsnts was made a short time prior to Operation Jangle, and
was baged upon a desire to evaluate the instrument. Although time did
not allow construction of a device to afford protectlica of the filter
asgembly, it was planned that the first filter assembly, which sampled
from H-5 minutes to HY5 minutes, be ussd as a control for the balance of
the filter assemblies. The assumption was made that the fall-out would
unifornly contaminate all the filter assemblies, and that the first
agsembly, which had ceased sampling before the arrival of the cloud,
riould contain only fall-out activity, This ectivity would be subkracted
from the activities on succeeding assesmblies,

- BH =

st S




TABLE 4.6

Cagcadn Impactor Concantration of Activity

U, e
( Activity at|Sampling | Volum3 |Conceatration [Conc. of Act
Station/H « 60 min.|Interval | Sampled |[of Activity Factor | in Cloyd
We) | (ming) | (end) | (ofemd) | fo | (ac/es)
Surfacs Shot

13 |2.81102 | 1 1.3 X 104/2.1 X 1077 10 |2x10°6

23 |1.9 x 1073 1 1.3 X 10%1.5 X 107 4.2 |6 x 1077

25 (2.1 X104 | 115 1.6 ¥ 10%/1.3 X 10739

26 {1 x 1072 | 115 1.5 X 108/ 7.2 x 109

30 |2.9 x 1072 | 115 1.5 X 106]1.9 x 1078

35 |2.5 X 1072 | 115 1.6 X 10%/1.6 X 10~

40 6.0 X103 | 115 1.5 X 109] 41 X 107 |
= ]
g Undergrourd Shot ]

13 17 x103| 1 1.3 X 1041.3 x 1077 12 |2x10®

N4 [7.5 X 1073 1 1.2 X 104 6.2 x 1077 12 |7 3x 1070

15 |3.5 X 2072 1 1.3 X 104/ 2.7 x 107 '

19 1.8 X 1073 1 1.2 X 1041.3 X 10”

124 {1.8 x 103 | 115 1.5 X 10%(1.2 x 10

125 111 x103 | 115 1.6 X209 7.0 X 10722

126 15,6 X 1074 | 115 1.5 X 16512,7 X 107170

132 |8,0 X 1072 { 115 1.5 X 10%5,3 x 1011

135 3.8 x1074 | 115 1.6 ¥ 10012,4 X 10720
[ 240 12313073 | w5 1.5 X 108/1.6 x 107 L B
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Howavnr, 1t wan found that tho activities on the various
filter assomhlies varied widaly; in many cusos there was more ackivity
on the Mrat filter assembly than on succesding sasemblies. A pare
tioularly gnod example of thia variability was afforded by the two RAS
ay utation 120, Joth {nstruments failad to he initiated, and conse-
quantly all 24 filtor assemblies were asubjected only to fallout, Om
ons of thnas {nstruments the most active filter asssombhly was more than
three timos na mnctive as the lmast active filtor assombly, and the
atandard deviation, percontagowiss, of the 24 from the mena aotivity
(6~mputad by summing the activities and dividing by the nuibor of [il-
tor asasembliag) was found to be 25 per cank, Probably a reasonahle
asxplanation for this affeuct is that the small f'ilter assembly offerr a
poor target, =atatirtically, for large highly radloactlive partiulas, or
that in the various stagus of transportation ol ths samples, thause par-
tislaa wore lost,

Since the variability in fall-out activity was sufficlent.
ly largoe to mask the sotivity due to tho sampled asrosol, 1t has not
hagn pneaibla to detormine the sonsentration of antivity in tho asrcsel
with thia {natrumant.

4.0  PARTICLE SIZE DJSTRISUTION

4.2,1 gggpade ImEggggg

The slides of twelve cascade impactors in »ach shot wers
exanined by optical and elactron mlarascopic methods to detarmine the
sire distribution of particles in the aerosol, A sumnary of tha data
from each shot is presonted in Tahles 4.7 and 4.8, The meusuring and
somputing methods by which these datn ware obtained are deseribod in the
"ollewing paragraphs,

The particles on the first and second jets were counted
and meaasured by examining the projocted image of 1000 diameters from a
light mioresoops. The particles on the 3rd and 4th jals were examinad
from projuoted images of 50,000 diameters. All measuroments were made
with transparent rules with millimeter diviaione~. Pariicles which
v’ r.aured dotween 14 and 15 mm wure racorded as 1% mm, particles whioh
monsurad batwean 14 and 16 mm were recorded as 16 stoe. An uctempt was
mrde to meanure the equivalent diamater of each particle (i.e., tha
diardters of a girole of area equal to ths araa of the partisle)., Sinos
most of the particlos had a rather circular projecticn, little diffi-
culty was snaountered. In most cases, the ’nd, Ord, and 4th jet sanmples
vaure relatively hemoponeous and a partleole count of 300-600 particlaes
eppvared satisfaotory., The lat und 6th jet samplos vere rather hetero-
~:imoua and partiale ccunts of 400-1000 sure made. The arsa reprosented




TAR.® 4,7
Cu: T-vactor Partiale Size Distribubion
Surfac=s Shet
- B R St Tt St Tt A et
Ly DML m G Dawvyg Total Total Tobal |
(m) ) ()x 9 Q\) ¥o. Surfaca Masa
Jot 1 T2.m2 T1700 T a1.5 | 2,97 4.45 1.61%10% | 7.73x108 | 1.34x108
JoL 2 |0.,”7 | 11.4 5.8 | 3,920 [2,19]1.,18x205 | 1.47x106 | 3.17x107
Jet 3 0,458 | 1,39 4,04 | 2,36 (0,72 [ 1.72x106 | 1,8%x10% | 5,87x10°
Jet 4+ [0.325] .94 g.18 | 2.98 [0.68 | 9,40 79| 1.?77x10% | 4,.782105
Jat 5
Comp.Tmp.| 0,998 | 17.1 | 47.7 | 8.28 |2.15 5.46x105 | 1,02x107 | 1, e7x1oa
b e g o e e o OWBCRCS Imprator 14
Jet 171 T ITR [T42,0 |'3,59 2,14 [1.25x105 [1.63x107 [4.4€xiCF
Jet 2 |o,87 | 25,7 [101.%3 [4.20 |2.82 |6.72x105 | 3.07x107 |4.22x108
Jet 3 10,91 | 1€.0 66,0 |3.79 {2.27 | 2.30x10b | 4, 11:106 4,58x108
Jet 4 |0.83 7.45 8.80 [ 2,23 [2.72 | 4.39x10% | 6.48x10% | 5.11x1C6
Jﬂt 5
Conp Tmp 0,75 [ 15.6 | 75,5 | 3.6 |2.42 | 2.2 xlo6 5. 31:10{J 1.88r10°
VUMV S——— L [T L B LR o S SO
Jet 1
Jot 2
Jet. 3 Imsuffintant Sauple.
Jet, 4
Jut §
C
Omp r“_p.:.-_- FPUUP VU I WU - ke o g oy i o]
e Cascada Imprector 19 .
Jet 1 [b T BLA [ 9.5 [3.90 To.84 | 1,605105 [3.99x105 [8.46x107
Jet. & |1.92 | 27,9 B4.,2 | 2.86 |4.10 7.49r104 5.08x108 {1,96x108
Jot 3 ’
Jet ¢  Insufficiont Sample,
Jay §

TR ORI AN SRS S -
b e e weue. ... Cascade Jmpagtor 23 IR B
Jet 1 190,19 | 9.90 [ 59.50 |1.96 [1.84 [4.66x108 [3.71x107 [5. 232108
Jet 2 |).85 | 89,0 42,0 |a,96 |8,35 |3.24x10% | 8.12x108 |3.27x108
Jet 7 2,07 5.30 7.50 {1.88 |2.63 | 1.402108 { 1.90x108 |1.s582108
502 4 [1.13 3.89 9,18 [2,26 (2.07 | 2.81320% | 1.97x108 [1,52x108

ot §
CongoInp. 0,005 | 768 | 31,8 [3.47 [2,93 |4,65x108 [4.87x107 [9.381100
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TABLE 4.7 (contt'd)

-?o-

NMD |D3MD | M¥D | g |Dayg | Total | Total Total
() () () 3 (@) No. Surface Vaas
Casoade Impactor 24
Jot 1
Jet 2
Jet 3 Insufficient Sample.
Jot 4
Jot §
Comp,Imp.
—-G8gende Jupacter 26
Jet 1 12.72 | 15.3 [Bl.2 [2.50 |5.03 [2,09%10° |1.09x107 | 1.49x10° |
Jot 2 |2.17 | 5.35 | 8.40 |2.05 |3.26 |2.11x105 |5.28x108 | 2.34x107
Jot 8 ' .97 | s.44 |8.78 |2.22 |1.44 |5.88x105 |1.38x108 | 6.87x108
Jot 4 [1.16 | 2.31 | s.13 [1.7¢ [1.29 |3.68x108 |9.63x108 | 2.56x108
Jot 5 |0.438| 1.16 |1.78 [2.01| .50 |8.45x10° | 4.,12x10% | 6.41x1200
Comp.Imp.|0.8¢ | 9.16 [20.7 |2.83 |1.65 |1.99x108 [1,79x207 | 2.12x108
_ Casoade Imnaotor 28
Jet 1 |6.25 |18.7 [26.8 [1.9) [7.30 [2.2 x10% [2.19x1 §,01x107
Jet 2 |1.03 5.26 [10.3 |2.76 |2.19 |4.13x105 | 8.54x198 | 3.24x107
Jot 3 4968 2,19 | 4.08 |2.40 | .776|9.24x108 | 1.10x108 | 2.84x108
Jot 4 5191 1.48 | 2.256 [1.98| .86 |7.47x100 | 6.222106 1,10x108
Jet 8 .098 778] 1.38 |2.97 | .182]|1.88x108 | 1.49x105] 1.06x108
Comn.Inps] .302| 6,00 [19.4 [3.44 ] .678[4,04x208 | 8,14x108 | 8.39x107
Cagoade Impactor 30
Jot 1 94 | 6.0 [18.7 |2.67]2.18 [1.29x10° | 1.20x107] 1.66x109
Jet 2 [1.41 3.83 | 8.2 |2.13]2.29 |1.08x108 ] 8,62¢x108] 4.284108
Jet § [1.01 1.87 | 2.32 |1.62]1.10 |4.59x108 | 8.21x108] 1,70x108
Jot 4 6431 1.27 | 1.82 |1.80] .798]3.34x108 | 3.c0x108] 5,14x108
Joet 8 062 382 .818|2.80 | .099/4.80x106 | 1.10210¢| 4,00x10%
Comp.Imp.| .89 | 6.11 [ 8.76 |2.80 |1.60 |2,87x108 1.56x107 | 8,06x107
I —. —Gagonde Irpagtor 32 N
Tot 1 T1.97 T 9786 [2170° [ 2.64 ] 3.81 [1.26x100 [ 3.27%108] 4.07x167]
Jet 2 [1.70 | 3.72 | 8.15 [1.9¢ | 2.44 |4.67x104 | ¢.08x208] 1,93x108
Jet 3 .02 3.47 | 9.08 | 2.66]1.02 |1.87x10% | 4.46210%] 2.47x108
Jot 4 498 1.07 | 1.57 [1.88 ] .66 |8.34x208 | s.32x108] 4.87x108
Jet 5 | .216 500] 987 2.21 | .81 ]1.57x108 | 2.22x108) 1.83x108
conp.Inp,| 348] 841 [ae.x [3.18] .67 [2,47x108 | 4,98x10%] 499210
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TABLR 4,7 (cont'd)

MO | 02D | WD | g |Davg | Total | Total Total
(M) () () d Ty No. Surface Mass
- Cascade Impactor 36 o
Jet 1 | 3.75 [11.6 18.4 2.11 | 5.32 [3.46x105 [1.76x107 [2.67%108 |
Jet 2 | 2.08 | 6.85 9.20 | 2.14 | 3¢23 |1.88%x105 | 3,14x108 |2.31x107
Jet 3 | 1.44 | 2.90 3.7 | 1.70]1.42 {2.61x105 | 9.43x105 [ 3.34x106
Jot 4 83 | 1,36 | 2.1) | 1.84] .97 |4.82x105 | 5.91x105 | 9.37x105
Jot 5 098] ,.308 46 | 1.96 | .072]1.14x107 | 1.72x105 |6.44x10%
Comp.ImpJ .692[12,6 31.4 5.82 | 1.44 [2,42x108 | 2.43x107 | 3.16x108
Cascade Impagtor 40
Jet 1 | 1,52 |22.8 82.6 | 3.65[3.70 [3.83x10% [ 1.62x100 [4.91x10
Jet 2 | 1,94 | 3.72 5.10 | 1.76]2.60 |3.83x10% | 3.84x105 |1.75x108
Jet 3 | 1,47 | 2,67 | 3.18 | 1.79 [ 1,21 [1.87x1058 | 4,67x108 | 1.40x106
Jet- 4 | 0,708 1,56 2.47 | 1.95]|0.544}2.563x108 | 3.31x105 | 6.80x105
Jot 5 | 0,033] 0,266| 0.620| 2.98 | 0.088/8.82x106 | 1.00x105 | 3.06x10%
Somp.Impd 0,030| 9.26 | 81.5 | 5,36 ] 0.138]9.31x108 | ¥.,09x108 | 5.83x107
TABLE 4.8
Casocade Impactor Particle Size Distribution
Underground Shot
Cpscade Impactor 113
Jot 1 0.91 4.43 14,80 | 2.85]1.9 |6.04x10° [4.11x105 | 3.81x107]
Jet 2 1,28 7.9 18.9 2,58 | 2.51 |8.94x103 | 1.22x100 |1,57x108
Jot 3 .
Jet ¢ Excessive Sample.
Jet §
_gﬂmp..'[mp.
e Casoada Impaoctor ll4
Jet 1 [1.88 12,6 30.9 2,80 | 3.43 [1.94x100 | 5.41x108 [ 6.89x107
Jot 2 (1,42 [ 4,75 | 8.58 | 2.22] 2.44 |1.40x10% | 1.60x108 | 1.02x108
Jot 3 | 1,04 | 2.2) 2,90 | 1.m8 | 1.88 |3.80x10¢ | 1,88x100 | 4.06x108
goe 4 0.7 | 4.37 7.56 | 2.87|1.76 |1.38x10% | 7.89x10% | 4.34x208
ot &
Comp.Impq 1,41 [12.3 | 31,8 [ 2,99 [3.18 |2.61x105 | 6.32x10° | 1.02x108

-7
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TABLE 8.8 (Cont'd)

—
MO |DAD | WD | - n.vg] Total Total Total
() (n) () ? | () No. Surface Vass
d
c mm_Fmpgot r.115
Jet 1 |3.30 | 27.2 73.0J 2.61 15,98 [9.35x10° [1,24x10% | 4,.38x10%
Jot 2 |1.72 | 88.0 l102.16]3.90 | 4.61 [2.3 x103 !2,.55x105 | 1,78x107
Jet 3
Jet 4 Exocessive Sample,
Jet b
Comp.«Imp,
Cascade Impactor 119 _
Jot 1 |1.18 l 10,6 I 25.6 | 5.10] 2.72 | 1.67x100 | 3.07x10° | 4.18x107 |
Jet 2 |1.,00 | 10.8 26.7 | 3.60 | 2.52 |4.78x10% | 7.93x10% | 1,09x106
Jet 3
Jot 4 Excessive Sample,
Jet 5
Lq?_mp.rmp.
Cascade Jmpagtor 123 —_—
Jot 1 [0.48 | 5.70 | 18,0 | 3.35] 1.54 | 7.61x108 | 3.87x107 | 8.52x10F |
Jot 2 |3.356 | 8.38( 11.5 | 1.90]4.33 |1.20x10¢ | 3.37x1008 | 3.44x106
Jet 3 |[1.05 5.76 | 13.0 | 2.75] 2,12 | 8.00x10* | 2.52x105 | 2.11x106
Jet 4 0.5 5.99 | 14.5 | 3.40] 1,00 | 2.42x105 | 6,19x108 | 2.42x108
Jet 5 | 0,88 1.77 2.63] 1.61]1.16 | 1.03x105 | 1,28x105 | 4,222108
Comp.Imp.] 0.478| 5.65 | 20.4 | 3.47| 1.28 | 8,00x108 | 4,26x107 | 4,16x108
Cascade Impaotor 124 1_1
Jet 1 [0.81 2.17 | 96 3.83] 2.53 [4.13x10% [1.01x10° [ 3,66x10
Jet 2 |1.23 8.00 | 19.6 | 2.67] 2.46 | 3.9 x103 | 5.42x10% | 6.94x105
Jet 3
Jet 4 Excessive Sample,
Jet 5
Comp.lmp. ]
__;a:qa;g mpaoctor 126 ]
Jet 1 1,98 5.90 | 9.90] 2.107] 2.80 | 1.56x105 [ 2.27x107 | 1.86x10°
Jet 2 |o0.68 | 5.50| 11.80] 2,96 1,76 | 3.73x10% | 2.32x105 | 1.79x108
Jet 3
Jet 4 Excousaive Sanple,
Jet 8§
(CompuImpe b

4
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TABLE 4.8 (Cont'd)

o (D2 |wo 6= | Dayg | Total Total Total
() (m) (m) ? | K No. Surface Mass
o IS DO .4
Casocade Impactor 126
Jot 1 T
Jet 2
Jet 3 Excessive Sample,
Jot 4
Jet §
Comp.Imp.
Cascude Impactor 130
Jet 1 |2.34 | 9.15 [168,20 | 2.31] 3.81 |2.23x10D | 6.14x108 |7.97x107
Jot 2 |1.46 | 4.30 | 6.75 | 2.19 ] 2.41 |3.78x105 | 3,44x108 |1.87x107
Jet 3 |1.48 | 4.35 | 6.80 | 2.16 | 2.41 |2.14x106 | 1.96x106 | 1.16x107
Jot ¢ |o.85 | 1.89| 2.84 | 2.00]1.67 |3.32x10% |1.11x108 |3.16x107
Jet 5 |0.058 | 0.,198| 0.328| 2.28 | 0.098|1.75x108 | 2.92x10%4 | 7.08x103
Comp.Imp.] 0,120 | 8.26 |20.7 | 3.87 0.726]2.89x106 |1.02x107 |1.10x108
- Cascade Impactor 132 - BJ
Jet 1 [2.,56 [10.5 [20.6 | 2.44]4.10 [2.36x10% [7.51x100 |9.67x10
Jet 2 [1.38 | 4.16 | 65.85 | 2,21 | 2.33 [1.64x10% | 1.41x105 | 7.52x105
Jet 3 |1.66 | 2.41 [ 3,01 | 1.62] 2.08 [3.06x10% | 1.68x108 | 6.44x105
Jot 4 |0.343 ] 1.41 | 2.44 | 2.28] 0.476[1.30x105 | 7.03x10% | 1.20x108
Jet 5 !0.18 | 0.304] 0.376] 1.63] 0.201}{1.62x108 | 8,72x10¢ | 2.94x10%
Comp.Tmp.! 0.203 | 7.96 |29.% | 3.26] 0.350{1.82x106 | 1,19x10% |1.38x10%
‘ gagggde Impactor 135
Jot 1 J0.49 | 2.72 | 7.80 | 3.08] 1.42 |6.05x105 | 1.83x10% | 7.95x105 ]
Jet 2 | 0.70 | 4.20 |11.30 | 2.99] 1.79 ]2.93x10% | 1.71x100 |1,26x108
Jet 3 [1,12 | 2.55| 4.85 | 1,96 1,95 |3.44x10% | 1.78210% | 8,06x105
Jet 4 |0.189| 1.08 | 2.26 | 2.76| 0.283]5.20x105 | 9,93x10% | 1,36x105
Jet 5 |0.063] 0,20 | 0.41 | 2.30| 0,086]2.12x108 | 6.80x10%* | 8,56x103
[Conp Imp.f 0,104 | 2.39 |11.7 | 4.0¢] 0.339]3.37x108 | 2.34x10% | 1.15x107
—_— Cascade Impsctor 140
Jet 1 [1,26 [ 7.56 [19.8 | 2.78 '3?34 1.24x100 [ 1,70x10¥ [ 2.14x107 |
Jet 2 |o0.81 3.72 | 9.40 | 2.7¢| 1.84 |5.34x20% | 3.10x105 | 1,87x108
Jet 3 |0.73 | 1.76| 2,17 | 2.22| 1.50 [1.04x108 | 3.00x165 | 8,842100
Jet 4 [o0.104 | 1.44] 3.17 | 8,10 0.31 |4.02x108 , 1,43x108 | 2,01x10%
Jet 5 [0.12 | o0.24 | 0.36 | 1.33 0.14 |3.34x108 | 7.40x10% | 2.16x10%
CompIwp ] 0,004 | 2.39 |11.7 | ¢.04| 0.339]3.37%108 | 2.34x108 | 1.16x107
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by the count was measured and recorded, Also the total impaction area
was measured for each sample with the light mioroscepe using scattered
light,

A table of data and calculations was made for each jet,
the cempleted table being similar in form to Table 4.9,

TABLE 4.9

Sample Cascade Impactor Data and Calculation Shest

[ 9

[ ]
8 E [Number |Per Cent nina Per Cent [Cum, Per n1n13 Per Cent|{Cum, Per
3 5 by No. by Cent by by Mass [Cent by
Pl Surface Area Mass

It will be noticed that to obtain the percesnt by surface and percent by
mass only the relative surface area and mass were computed.

Three sets of pnints representing cumulative par cent
loss than stated size by number, by surfacs, and by mass, were plotted
on log-probability paper., Straight lines were drawn to reprosent the
sets of points by inspection, using the following criteria:

A. The slope in buest agraement with all three ssts of
points was used for all three lines. (If the distribution is assumed
to be log-normal then this procedure is indicated by theory5,5,7,

TRatoh & Choate, "Statistical Desoription of the Site Properties of Non-
Uniform Particulate Substances", J, Franklin Inst., 207, (1928), 369

67, Hetoh, “Determination of Average Particle Size From the Screen Analy.
sie of Non-Uniform Particulate Sudstances", J, Frunkiin Inst., 215,
(1933), 27 -

Tc. E. Lappel, "Mist and Must", Heating and Air Cond., 18, (1946)

-7‘-
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Also, this method gives a single avarage measure of the degree of heio-
geneity of the sample.)

B. The slope being already detsrmined, the lines were
positioned to best fit the points in the 10-90 per cent range.

C. EKnown difficulties in analysis, such as measuring
the amalleat particles, waere allowed soms consideration., The following
parameters were obtained from the lines:

NMD 4 Number Wedian Diameter g D(50%) from
No. line,

D°MD s Surface Median Dismeter « D(50%)
from surface line,

MMD o Mass Median Diameter , D(50%) from
mass line.

0; = Geometrio Standard Deviation g D(84.13%)

Other values obtained are:

Davg = Average Diamoter » Dili

n

Total No. of Particles Collected
Total Surface (Relative)
Total Mass (Relative)

Thero are many good arguments againat the use of log-
Probability plots to represent sub-samples such as those from the jets
of a cescade impactorB8,9, However, the method is expedient and gives
Parameters that represent the sample to a reasonable accuracy. There
Are several snalytic methods of curve fitting8,9, but they would be

];:>Kottlor. "The Distribution of Particle Sizee", Parts I and 11, Jd.
Pranklin Inst., 250 (Oct & Nov, 1960), 339 and 419.

P. Kottler, "The Goodness of Fit and Distribution of Partiole Siszes”,

::;t. I and IT, J. Pranklin Inst., 261, (May and June 1961) 499 and
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very difficult to use oonsidering the large nurber of pointa involved
and the fact that parallel linecs are to b2 drawn.

Having obtained sufficient information about the {ndi-
vidual jet samples, it was necessary to corbine the data from each set
of 5§ jets to obtaln the size distribution of the cloud. An area cor-
rection factor was obtained for each jet by dividing the impsaction area
of the jet by the area counted. The number of particles in each aize
group (class interval) was multiplied by the area factor and the rasult-
ing number represented the total nurber of particles in each class in-
terval collected by the jet. An integrated set of fifth class intervals
covering the entire size range studied (0.02-100 microns) had been for-
mulated, and the individual jet data were fit to these class intervals
on a sub-size basis. The number falling in each class interval was
found by adding the contributione from each jet; a table of data and cal-
oulatione similar to those for the individual jets was made, From the
data thus obtained, four cycle log-probability plots for the entire cas-
cade impactor were constructed, from which the paremeters tabulated tab-
ulated in Table 4.7 and 4.8 were taken. Fiz. 4.10 is an example of such
a graph. It should be noted that the parameters listed in the tables
permit reconstruction of the straight lines in any desired plot.

4,2,2 Filter Sampler

The filter papers from the filter samplers at stations
29,30 and 129,130 were analyzed by Tracerladb for particle size distribu-
tions, The results are reported in Appendix E.

4.2,3 PFall-out Tray

Of the twenty fall-out trays employed in each shot, one
tray in the surface shot and twenty in the underground shot collected a
weighable sample of the fall-cut material, The former and eight of the
latter contained suff'ioient material to permit a sieve analysis, while
four of the latter passed sufficient material through the last (37 mi-
¢ron) sieve to permit further separation by means of a Roller Analyzer,
Fig. 4,11 shows the mass of the material collected on the trays plotted
%gainst distance grom ground zero, while Figs. 4.12 through 4.15 show
the partiole size distributions nbtained from the four stations that were
Put thrcugh the sieve analysis and Roller Analyzer,

The sieve analysis consisted of sifting ths samples through

A column of U. S. standard sieves shaken by a Rotap machine. This machine

"8 operated for 6 minutes on fractions greater than 1410 miocrons, and
oF ten minutes on smaller site fractions. In the case of four stations
*re more than grams of material was found to pass the last soreen,

-7 -
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Fige 4.11 lass of Material Collected by the Fall-out Traye
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further frectionation was accomplished with the Roller Analyzer. This
machine separated the reraininz csieve meterial into the size fractions
2-4, 4-8, B8-16, and 16-37 microns and the frections wero welghed on

an analytical balance,

The basic date ottained in this techrique, then, is the
wai=%* agsociated with the various particle size fractions, which may be
ter-el the weicht distribution of the fall-out sample. A specific grav-
ity of 2.7 was assumed for all particles, and froem the weight distri-
bution the area distribution as well as the size distribution has been
cocmputed, It was also assumed that all particles on a given sieve were
of a size equel to the average pore size of that sieve and the next
higher, All particles were treated as spheres in the calculations,

4,2.4 Pre-Shot Soil Analysis

The particle size distribution of the soil at the test
site was determined on six samples taken at five foot depth intervals
from a location near the underground shot zero point., These samples were
analyzed by the method described in par. 4.2.3; the data are presented
in Figs. 4.16 and 4,17,

4,3 RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE

4.3,1 Cascade Impactor

The activity in the aercsol as a funotion of particle size
was deterrined from the cascade impactors by measuring the activity on
:ach slide and plotting these data against the particle size impacted on

he slide,

The dats are tabulated in Tables 4.10 and 4.1l for the sur-
face and underground shots respectively. The activity on each slide,
corrected to HA1 hours, is shown in column 4, while the KMD, the measure
of the size of particles on that slide, is shown in column 3. The latter
data were taken from Tables 4,7 and 4.8. .Column 7 shows the specific
Activity of the particlee on each slide as computed by dividing the act-
ivity on the slide by the mass of particlos on that slide. The latter
weors obtained by multiplying tha "total mass” on each jet in Tables 4.7
and 4.8 by 11'(’/6. where f = 2.7110'125rms per cubic micron.

A description of the procedures used in makinz the act-
ivity measurements is given in par, 4.1.4.

- 83 -
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TABLE 4.10

Surface Shot Activity Measurements on the Cascade Impactor

Number Activity on|Percentage] Mass of |[Specific
Station Jet |Nedian Jet at of Total |Particles |Activity
No. |[Nos|Diameter | H # 1 Hrs.| Cas, Imp.] on Jet uc
(microns) (me) Activity | (grams) gram
13 (1 | 2.0 3.7 X 1074 13. [1.9 x107%| 1.9
13 |2 0467 2.2 x 10™3 80. '
13 |3 0445 1.9 x 10™4 7. 8.3 x 1077 2.3 x 102
23 |1 0.19 7.5 x 104 Oe |74 x 1074| 1.0
23 |2 1.6 1.1 x 10~3 De | 4.6 x 1074] 2.4
23 |4 2.1 2.5 x 1077 1. [2.1 x10°%] 1.2 x 102
25 |1 | 247 1. x 1074 51.  |2.1 x 1074 5,2 x 1072
25 |2 2.2 6.7 x 1072 32. [3.3x10°%] 21
25 |5 0.44 3.6 x 1070 6.  |7.6 x 10°7| 4.7 x 10*
26 |1 6.3 2,7 x 104 3. [7.1x 1079 3.8
26 |2 | 1.0 4o x 1072 Qe 3.2 x 1077] 1ok x 102
2% |3 0.50 4.8 x 103 4he |40 x 207 0] 1.2 x 203
26 |4 0.32 7.0 x 10~% 6o |1.6 x 207°| 4.5 x 102
26 |5 0.9 6.3 x 10~4 6o |1e5x 20°7! 4.3 x 103
30 (1 0.9 7.0 x 10':{; 2. 2.3 x 10:3' 3.0
30 |2 1.4 9,0 x 10™ 32, | 6.7 x107°| 1.3 x 103
30 |3 1.0 1.4 x 10™2 8. |2.4 x210°6] 5.7 x 103
30 |4 0.64 3.2 x 1073 1. |7.3 x10"7 4.4 x 103
30 |5 0.05 1.9 x 1073 7o | 5.6 x 20°2] 3.4 x 105
35 |1 3.0 1.6 x 1073 6. [3.6x 21074 4.4
35 |2 2.1 5.5 x 10‘3 22, [3.3 x20°2] 1.7 x 102
35 |3 1.4 1.2 x 10” 8. | 4.7 x 1078] 2.6 x 103
35 |34 0.33 5.2 x 10”3 21, [1.3 x 107®] 3.9 x 10°
35 |5 0410 7.0 x 10”4 3. [9.1 x 1078] 7.7 x 10°
WO |1 1.5 1.8 x 104 3. | 649 x 20°3] 2.5
o |2 | 19 2.1 x 1073 35. | 2.5 x 1078 8.5 x 102
0 (3 | 1.5 1.8 x 107 30, {1.9 x 1078 9.1 x 10
L |4 0.70 1.2 x 10 2., 19.7x1077| 1.2 x1
W |5 0.03 7.0 x 1074 12, [1.4 x 21078 1.5 x 10%
- 36 -
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TABLZ 4.1

Underground Snot Activity ieasuremsnts on the Cascade Impactor

Nweber Activity on [Percentags| Mass of Specific

Station|Jet |Madien Jet at of Total |Particles |Activity

No. |[No.|Diameter H #lirs. Cas. Imp.| on Jet pe
(microns) (ue) Activity | (grans) gram

1n3 1 | 091 [1.4x107 8o  [5.4 x1077 [2.6

n3 |2 | 1.3 5.,x10°% | 32, |2.2x1076 |2.4 x 107
13 |3 3.5 x 1074 20.

113 |4 3.5x107% | 20,

113 5 304 x 1074 20,

14 |2 | 17 9.9 x1074 | 13. 1.3 x1074 (7.9

ns |2 | 1.4 20x102 | 39. [1.4x1076 2.0 x 103
1 |3 | 10 1.5x102 | 19, 6.9 x10°7 2.1 x 103
14 |4 | o |1.3x107 17. 6.1 x 1077 | 2.1 x 103
11[0- 5 805 x 10~ 12,

s 1| 3.3 2.8x102 | 78. 6.2 x 10 [ 4.4 x 102
15 |2 | 1.7 2.3 x 1074 7. |2.5x1075 9.

15 |3 1.2 x 10™4 3.

115 |4 1.7 x 10™% 5.

ns |s 2.5 x 1074 7.

uy |1 | 12 7.8 x 1074 | 44, 5.9 x 1075 [1,3 x 10}
119 |2 | 1.0 2.8 x 10™ 16,  [1.5 x 1076 | 1.8 x 102
119 |3 4ol x 1074 | 24

19 |4 2.2 x 107 12,

119 5 7.0 x 1077 be

126 |1 | 081 [17x107%| 9. [5.2x107%(3.3 x 10}
12 |2 | 1.2 8.5x1074 | 46, [9.3x1077]8.7 x 102
124 |3 6.2 x 1074 34,

124 4 109 X 10‘.;‘ 100

124, |5 2.2 x 10 1.

- 87




PROJECT 2,5a-1

TABLE 4.11
Underground Shot Activity Measurements on the Cascade Impactor
(Contd)
Number Activity on [Percentage| Mass of Specifie
Station| Jet |iledian Jet at of Total |Particles [Activity
No. |No.|Diamater H #1 Hrs.| Cas. Imp.| on Jet uc
(microns) (ne) Activity | (grams) gram
125 |1 1.9 5.6 x 1074 50, |2.5 x 10‘_'2 2.1
125 |2 | 0.8 |9.5 x 1075 2. l2.5x10° | 3.8 x1d
125 |3 6.7 x 10°° 6.
125 |4 3.2 x 104 2.
125 |5 g.3 x 10” 7o
126 |1 3.1 x 10~ 5,
126 |2 3.2 x 1073 6.
126 |3 7.7 x 1073 14
126 |4 7.2 x 10 13.
126 |5 3.5 x 10™% 62,
132 |1 2.5 1.9 x 10~ 2. |1.3x 10:(5> 1.4
132 |2 1.4 1.3 x 10~ 22. |11 x10 1.7 x 10%
132 |5 | 018 |4.3x1070 540 | 4.2 x2078 | 1,0 x 107
135 |1 | 049 |9.5x107 25. [1.1x120°5| 8.5 .
135 |2 0.70 6.). x 107 16. (1.8 x1076 | 3.4 x 10t
135 |3 1.12 1.8 x 10~5 5, |1.1x10°6| 1.6 x 100
135 | 4 014 1.5 x 1074 39, |1.9 x10°7 | 7.8 x 102
135 |5 0.053 | 6.0 x 1073 15. (1.2 x1078 | 5.0 x 103
140 |1 | 1.26 - | 1.7 x 107 7. [3.0x1072 | 5.6
10 |2 0.91 945 x 10~ 4e [2.6 x20°0| 3.6 x 10t
10 |3 0.73 1.4 x 20°3 60. |1.2x10%| 1.1 x210°
10 |4 0.8 4.9 x 10™4 22, |2.8x107 | 1.7 x 103
140 |5 0.12 1.6 x 10~4 7. |3.0x108 ]| 5.3 x10°
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4e3.2 Conifuge

By means of a radioauto;rapn technique, it was possible
to determine the activity in the aerosol as a function of particls
siza (subjeot to the limitations of the conifuze). Unfortunately, of
all the conifuge cones employsd, only the one from station 133, lo.
eated 20,000 feet north of the underground zero point, exhibited what
could be considered a good radiocautograph pattern. The majority were
not sufficiently active to produce a definite film darkening while
most of those that were sufficlently active produced irregular patterns,
indicating improper operation of the instrument.

The technique consisted of placing the plastic conifuge
cone over & matching conical mandrel upon which was fitted a fan-shaped
plece of DuPont dosimeter film, type 552. After an exposure of approxi-
mately one month, the cones were removed and the film processed., This
radioautograph (Fiz. 4.18) was scanned along several radii with an
Ansco optical densitometer (after standardizing on the clear film) at a
number of distances from the imner edge of the fan shaped film. The
averaged optical densities were plotted versus r, the distance from the
innar edge of the film. This plot was graphically integrated and nor-
malized to a fractional density and plotted versus r as shown in Fig.
4,19, Assuming that the density of the film was proportional to the
radiocactivity deposited upon the conifuge cone, and the density of the
aerosol was similar to glass, the percent activity of the aerosol as
a function of particle size can be obtained by use of the data of Table
2.5. In addition, these data were plotted on loz probability peper as
.hown in Fig. 40200

Upon the basis of the results from this conifuge, it may
be concluded that the median radioactive particle size of the aerosol
at station 133 was of the order of two microns.

4.3.3 Particle Separator

Although a determination of the activity of the aerosol
83 a function of particle size from the particle separator would have
bean o relatively easy matter and, indeed, the necessary activity measure-
Wouts were made, no results are reported because the instrument failed to
8sparate partlcles satisfactorily accordinz to their size,

Microscopic examination of the particle separator screens
Tevealed that the larger screens collected a considerable amount of fine
< 37 u) airborne particlss while the larger material ( > 37 u) be-
haved normally in passinz through the various meshed screens. This effect
Can be seen by examinetion of Figs. 4.21 and 4.22, which are photomicro-
Eraphs of the first screen of the particle separator at station 123, taken
8% ditferent magnifications, Figure 4.21 shows the large particles which

-89 =




PROJECT 2,5a-1

Bt g8 - § oo ol gl ae . ot A o St ast T S AT R L ctE Tt AR £ S 5 bbb gt o aaue o g -
ot S Fopls . ) R .

i - et
~
¥ L4
3
\]
\
\
1
X
)
v
A
3

Fige. 4.18 Radioautograph of Conifuge Cone, Station 133, Under-
gro:nd Shot. This is Actually a Positive Print,
The Dark Radial Lines Were Caused By the Use of
Scotch Tape to Obtain Samples of the Collected Par=-
ticles. The Dark Dots Were Caused By ths Electron
Microscope Screens.

- 90 =




§

FRAOCTIONAL DENSITY,

PROJICT 2.5a-1

Q.85 11.0
P A
"

_T - // 0.9 -:,'
/-\ A <
0A /'/ 0.8 :-
/ \ / :
07 =
PN > :
[ L1 :
0.8¢ 7 0.6 <
Q
/ os &
/ ~
/ [ 9
0.2 0.4 ;‘
/ / :
i <

— 0.3
/ 2
/ F

0.1 . 0.2

/
/
1
-
0.5 .0 1.6 20 285 30 3.5 4.0 48 6.0 B&.8

DISVANCE FROM INNER EDOE, T (00)

Fig. 4.19 Fractional Density and its Integrel, Station 133, Under-

ground Shot, Conifuge Data.

a3



PROJECT 2.la-1

90
1N a
80 L STATION 183 N
70 RS
1]
:m —— e 4
- 4
o ) AN B L
] \
) - I RS I R e
20 S S— N S ~_*......_.__-._x -
5 \°
-
20 o NEE
” N\
>
E s -+ - | —- \\ﬁ
-gi N
et— 4 -
3
! Sl
0.5 i '
ol 14t -t {1
.a.‘ : ) —d i " 1 " L ||m 1 4 —d s g i "

PARTICLE SIZE U (MICRONS)

Fige 4420 Cumlative Percent Activity as a Function of Par‘icle
Size, Station 133, Underground Shot, Conifuge Data.

- 92 -

e e




PHOJECT 2.5e~1

o0 T )
T ‘ ) N
N H t - 1 \
LI . - N . ' N . . - =
AT akew . e P A O I Ciieatd el > e -

Fig. 421 Photonicrograph of the First Screen of the Particle
Separator at Station 123, at 20x Magnification. The
Large Particles are Apparent.
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Fige 4.22 Photomicrograph of the First Screen of the Particle
Separator at Station 123, at 50x Magnification. The Small
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Fig. 4.23 Photomicrograph of a8 Clean Particle Separator Scrsen.
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werrs stopped by the screen, while Fig. 4.22 shows the small particlas
that also adhered tc the screen, For comparison purposes a photo-
miarograph of a olean screen has been included in Fig. 4.23, It was
noted that the large mesh screens were densely covered, front and
rear, by a layer of the ordor of one to ten microns, while the smaller
megh screens were almost entirely free of particulate matter. Act- ‘
ivity measurements and microscopiv examination of the porous stainless
steel back-up filters indicated, however, that a considerable number
of particles passed all scroens,

The only plausible explanation of this anomaly so far
advanced ias that the air passing through the screens builds up an elec-
trostatic charge on the well insulated metal screens sufficient to
attraot and remove from the air stream those particles with suitable
charge and inertia values while permittinz the neutral and oppositely
charged particles to pass through the screens until mechanically stopped
by the back-up filter.

In order to test this hypothesis, attempts were made in
this laboratory to measure electrostatic charge built up by the particle
separator scresns while air passed througzh at the correct rate. A
charge of the order of a volt was indicated bv an oscilloscone after
geveral minutes of air flow, While it is conceivahle that in the drier
climate at the Nevada Test Site a somewhat higher electrostatic potan-
tial might be attained, it would apnsar that the eloactrostatic theory
is untenable unless the particulate matter in the JANGLE aerosols was
highly charged.

4.3.4 Fall-out Tray

Activity measurements were made on the particle size
fractions obtained in the sieve analysis (see par. 4.2.3) of one fall-
out tray from the surface shot and eight trays from the underground shot,
and from theso data the activity of the fall.out as a function of par-
ticle size has been determined. Figs., 4¢.24 throuzh 4.29 show in cumula-
tive fashion the percentage of activity associated with each particle
sirze fraction, the data from stations at the same radial distance beingz
shown on the same graph, Table 4.12 shows the specific activity, cor-
rected to HAl hour, of the particle size fractions of four stations from
the underground shot.

The activity measurements vere made by means of a
Tracerlab SC-Sa automatic sample changer and associated equipment. Ali-
quots of each particle size fraction were transferred to ths counting
planchets and coated with collodion to prevent loss in handling. A
Tracerlab TBC-1 Geiger tube having a window thickness of 2.48 mg/cm2 was
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TABLE 4.12

Specific Activity Corracted to Hfl, of Fall-out,

Underground Shot

Particle Size Sta&ion 103 | Station 107 | Station 114 |Station 120
(microns) (10 uc/gm) | (10"hwe/gm) | (10hc/gn) |(1Ghuc/gu)
2 51. 36. 284 48.
6 30, 26. 19. 24
12 14, 19. 10. 19.
24 10, 12. 8.5 17.
34 75 8.7 8.6 1.
40 16. 10, 12. 16.
4 17. 10. 8.8 1.
53 24, 8.4 6.2 1n.
68 12, 9.1 7.6 8.3
gl 13. 72 7.8 57
96 1. 15, 1.0 6.5
115 26, 13, 13. 1.
137 L2, 17. 22, 14.
163 F VAN 23, 22, 16.
a4 48, 25, 32, 19.
230 8. 27, 34. 30.
274, n. 115, 35. 32,
358 . 33. 4. 3.
460 3. 32. 39. 22,
5‘5 69 ') 43 ° 460 300
650 80. 64. 40, 43.
775 38. 72, 4o 52.
1500 3&. 18 x 10.'2 51. B.
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employed, and the scaler was preset for a cunulative count of 4096 for
each sample, A Tracerlab R-1lla simulated P? gource was used as a
reference standacd for abaolute beta counting. Ranze curves in alum-
inum were run f'or the standard and several fall-out samples to deter-
mine correction factors for air path and window losses. Back scatter-
ing and possible collodion absorption corrections were not attempted.
All activity measurements were made between 1000 and 2000 hours after
the shot and were corrected to H-1030 by means of individual decay
curvee obtained on each sample. The NIH decay curves described in
par. 4.1.1 were used to correct all fractions from H/1200 hours to H/1
hour,

4,4 PERCENTAGE OF RADIOCACTIVE PARTICLES

4.4.1 Cascade Impactor

The number of active particles on each of the five slides
from the cascade impactors at stations 123 and 130 was determinsd by
means of a radioautograph technique. Since the particle size analysis
of the cascade impactors (par. 4.2.1) ylelded the total number of par-
ticles per slide, the percentage of radioactive particles could be de-
termined., The data are presented in Fizure 4.30.

The radioautographs were made after the particle size
measurements were completed since the emulsion on ths slides would have
interfered with the electron microscope particle size analysis. Eastman
Kodak Company type NTB stripping film was cut to size and cemented over
the sample area cf the slide. Development of the film was carried out
as recommended by Eastman Kodak Company. The radioautographs were then
examined by means of a microscope to determine the number of particles
with associated activity, The slides from station )23 were exposed from
HA1704 to BA2208 hours; station 130 slides from HA1704 to HZ2018, Al-
though other slides were exposed for an even greater length of time, too
few of the particles on each slide were sufficiently active t> provide
reliable results,

4.4,2 Fall-out Trax

The size fractions of the fall-out from stations 103 and
120 of the underground shot were analyzed by a radiocautograph technique
to determine the percentage of radioactive particles. The data are pre-
sented in Fig. 4.31. The size fractions were obtained from the sieve
analysis described i{n par. 4.2.3, and the radioautograph technique is
described bhelow,
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Fig. 4.30 Percentage of Active Particles in the Aerosol as a Function
of Particle Size, Underground Shot, Cascade Impactor Data.
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After sons experimentution, & number of proceaures for
determining the percentage: of radicactive particles were developedlO
for various size ranges. These were as follows: Method No. 1 approxi-
rat2ly 150 to 850 microns, In this method, Kodak NIB Autoradlographic
Stripoing Film was employed to distinguish active particles. Thie
erulsion was stripped frem its cellulese backing, relaid omuision side
domn on its backing and lightly [astened to it with strips of tapa.

Tho fractiomated sample was distributed over the back side of the enul.
sion by means of a spatula and the particles were affixed by covering
with a Duco cement sclution (one volume of cement to four of acetone.
After drying, the strip film was reversed and retaped to the support.
The film was stored in a light-tight box for a three to four day ex-
posure. The exposed film was developed with DuPent x-ray developer,
fixed, washed, and dried and again removed from its support and fast-
ened to a clean glass slide over millimeter graph paper for examination
and counting with a stereomicroscope. Black areas were observed above
each radioactive particle while the inactive ones did not effect the
ezulsion. The intensity of blackening appeared somewhat variable and
occucional difficulty was experienced when only a small spot war evident
or when only a portion of the particle appeared to be active or when
the emulsion appeared fogged or grey rather than intense black. In
deubtful cases the particle was considered to be radiosctive. A number
of these "doubtful" active particles were picked up and were found in
every case to be radiocactive when held in front of the window of a G-M
tute counter. Thus the assumption that all "doubtful" particles were
active appears to be justified. Considerable wrinkling of the strip
film was experienced but this does not interfere with the method. Be-
low approximately 150 microns the method becomes impractical due to
difficulties in ascertaining the nature of many particles,

Method No. 2, approximately 16 to 150 microns. Kodak
N8 Nuclear Track plates softened for 10 to 15 seconds in warm water
(£0 C) were utilized in this procedure, The size-fractionated parti-
cles were distributed over the moist plates in the same manner as in
the first method and the plates with their edhering particles were al-
loved to dry and expose for two to three days in a light-tight box.
The plates were developed with careful agltation so as to avoid displace-
ment of the imbedded particles. Examination of the plate with a
'tereomicroacope revealed the radioactive particles over their assoc-
lated darkened area on the f£ilm. (See Fig. 4.32)

0

Valcolm G. Gordon and Benjamin J. Intorre, "Some Techniques Applic-
able to the Study of ABD Falf-out”, CRL Interim Report No. 137,

14 Mar 1952,
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As a check upon the egrexment of the two methods, the
percentage of radloective particles in a 240 to 420 micron range sam-
pls wms determined. Recults of 16.7 and 17.7 per cent were obtained
for the strip-film and the plate methods respectively,

Method No. 3, acproxirataly 8 to 40 microne. Inasmuch
as the smaller particles tended to agzlomerate, the second methad was
rodified for the lowest particle size ranzes so that the sample was
drcoped into a swirling inch of hot weter (50°9C) in a battery jar.
Aftor suspension of the particles an NTB plate was submerged and after
aporoximately 30 seccnds removed, dried, expcsed for four or five days
and then processed in the usunl manner. Particle counting was most
easily accomplished in the range of 8 to 40 microns by visually count-
ing the radioactive particles in & given area with a light background
anc then photographing the same area with a dark background. The to-
tal number of particles could be conveniently counted on the print,

4.5 STUDY OF FRACTIONATION

4.5.1 Radiochemistry

The study of fractionation included radiochemical analy-
8is of meny JANGLE samples obtained from various types of instruments
which were loceted at a number of different stations. Sr89, zr95,
Y099, Aglll, cql16, Bal40, Cel4., and Cel44, were determined on four
filter papers frcm the underground shot, and Zr9% and Wo99 were deter-
tined on a horizontal ointment plate from the surface shot. These
data are tabulated in Teble 4.13 as counting rate ratios (at zero time)
¥ith respect to Mo99 (an allegedly non-fractionating nuclide). Aglll/
Bal40 and Agll1/Cd115 ratios have also been tabulated because of their
Special interest.,

In addition, the large quantities of fall-out collected
from the underground shot at Operation JANGLE provided a unique oppor-
tunity to perform radiochemical analyses upon size-graded particles.
Sr89, 7,95, Bal40, and Cel44 were determined on a number of different
Particle size fractions of fall-out collected at stat&gns 103,107,114,
83d 120, These data are tabulated in Table 4.14. Mo”? was not deter-
Bined because the decieion to make the fall-out analysis was not made
Uatil some weeks after the shot. The nuclide activity per unit mass of
Fadioactive material was calculated by dividing the nuclide activity by

he mass of active particles in each fraction. The latter was deter-

Rined by applying the data of par. 4.3.3 to the messured mass of each
fraction, These data are tabulated in Table 4.15 and will be used in
he discussion in par. 5.5.
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The fisalon products secarationa were carried out esson-
tially by the mathods compiled by Coryell and Suzarmanl}l as modified
by J=-11 Group, Los Alamos Scientific Laboratory. The only important
modification was the determination of silver as jodate rather than io-
dida, The fall-out samples were run in duplicats, the othere in quad-
ruplicate,

In order to provide a basis for comparison with other
laboratories, radiochemical analyses were performed on an irradiated
U235 sample for each of the fisslon products listed above with the ex-
ception of callS and col4l, The sample consigted of 14,8 milligrams
of enriched uranium foil irradiated to 9.3x1013 fissions in the Brook-
havsan plle.,

Filter paper samples wsre digested by treatment with fum-
ing nitric, perchloric, and hydrofluoric acids by the procedure des-
oribed by Spence and Bowvmanl2, The M-5 ointment was removed from the
sluminum plate with facial tissue and dizested by the same procedure,.
It was necessary to repeat ths digestion to effect complete solution.
The fall-cut samples were fumed successively with perchloric and hydro-
fluoric acids and taken up with hydrochloric acid,

Samples were mounted in a reproducible geometry system
on 3-1/%x2-1/§x1/{6 inch aluminum cards. In the case of Mo, Cd, Ag,

Ba, and Sr the final precipitation was carried out by the glass chimney
and Hirsch funnel technique, which confined the precipitate to a de-
fined area on the filter paper. Ce and Zr precipitates were tapped out
of the ignition crucibles into counter orss in the aluminum cards. Sam-
Ples were covered with either 3.8 mg/cm2 of cellophare or 0.45 mg/cm2

of rubber hydrochloride. Cel44 was counted face down and hence through
217 mg/em  of aluminum.

Each mounted sample was counted for decay with a thin mica
¢ad.window G-M tube and conventional scaler unit until a satisfactory
Curve was obtained or the aotivity became too low, whichever occurred
firat, The counting rates were measured to 0.95 errorsld of 2-5% for the

le, D. Coryell and N, Sugarman, Radiochomiocal Studies: The Fission Pro-
ducts, MoGraw-Hill Book Co., New York, N. Y.
2R, w. Spence and M. G, Bowman, "Radiochemical Efficiency Results of
Operation SANDSTONE", SANDSTONE Report 10, Appendix A, Los Alamos Soi-
entific Laboratory, March 25, 1949

1.9, We are 95% certain that the statistical error in counting is not
greater than the listed per cent.
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plate. Spread-14 for repested analyses on the size-graded fall-out
were within 5% for the Bal40.and §r89 and feom 10-20% for Cel44 and
Zr95, The spreads for the filter paper and odatnment plate work were
also 10-20%

The activity was read frem the snoothed decay curve
at an arbitrary tinme and corrected to zere tirs. Pour different G-¥
tubes, cross-czlibrated with samples of each fission product, were
used, and all data were corrected to the samas tube. Data were fur-
ther corrected to 100% chemical yield, first shelf and rzero added
absorber. No ccrrections for coincidence were required nor were cor-
rections made for self-absorption and self-scattering since time did
not pernit preparation of correction curves., This error was insig-
nificant except in the case of some strontium samples where the chem-
ical ylelds were extremely high. The correction even here would be
less than 5%. The aluminum mounting cards provided saturation back-
scattering., Corrections to zero added absorber were based on absorp-
tion curves in Coryell and SugarmanlS. Barium activities were cor-
reoted for growth of lanthanum activity as indicated by Pinkle and
Sugarmanl6,

4.6.2 Aotivity of the Radioactive Particles as a Function
of ParticTe STze

In the study of fractionation it is of interest to deter-
mine the activity of the radicactive particles as a function of their
size, surface area, and mass. The analysis of the size-graded fall-
out samples at stations 103 and 120 of the underground shot for activ-
ity and per cent active particles offered an opportunity to determine
these quantities indirectly. The results are presented in Figures
4.33 through 4,35.

The followlng procedure was employed: The peroent ac-
tive partiole data (par. 4.4.2) in each fraztion were applied to the

l4the spread was obtained by dividing the difference between the ex-
trenes by the mean,

16Coryoll and Sugarman, op. ¢it., Book 2
161bid., p. 1123 ‘
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TR 4.33 Activity per Radicactive Particle as a Function of Particle Size.
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specific activity of that fraction (par. 4.3.4), giving the specific
activity of the active particles of the fractlnn (essuming all par-
ticles in vhe fraction had the same weight). Makinz the further
assumption that all particles in the fraction had the same density and
shape, the activity per unit active particle surface area, and the act.
ivity per active particle were calculated. A specific gruvity of 2.7
was assumed, and all particles were assumed to be spherical in shaps,
The size of particles in a given size fraction was taken to bes the aver.
age of the pore size of the sieve on which the particles were found and
the pore size of the sieve directly above,

4.5.3 Deca! Rates

It was expected that fractionation would manifest {tself
by a variation in decay rate with particle size. To investicate this
possibility, the activity measurements on the size fractions of fall-
out at stations 103,107,114, and 120 were continued from about H/lOOO
hours to approximately H/?OOO hours. The resulting activities were
plotted as o function of time on log-log vaper and a straight line was
fitted to them by the method of least squares. The slopes of thesge
lines are presented in Table 4.16. The data for staution 120 is presented
in graphical form in Figure 4.36,




Decay Slopes (Between H/1000 and 2000 Hours) of Size

FROJECT 2,.5a-1

TA

BLE 4.16

Graded Fall-out Samples

Particle Decay Slope»
Diamater Station | Station| Station |Station
(rnicrons) 103 107 114 120
1600 -1.110 | £0.127 | -1.217 |-1,225
775 -1,238 | -0.448 | -1.205 |-1,124
650 =1.291 -1.417 | -1,058 -1.221
545 -1.162 -0.613 -1.177 | 1,203
460 -1.424 -0.587 | -1,165 | -1,105
3568 -1,128 | -1.252 -1.247 | -1,066
274 -1,284 -0,796 «1.241 -1.154
230 =1.244 -0.878 | -1.241 -1.279
194 ~1,308 | -0,943 -1.229 | -1,140
163 -1,349 -0.913 -1.,253 «1.165
137 -1.302 -0.687 | =1.241 -1.211
1156 -1.331 -0,.856 -1.329 | -1.228
26 -1.354 -0.883 | ~1,288 | -1.229
81 «1,331 ~1.,204 | -1,247 -1.186
68 -1.430 | -0,987 | -1.300 | -1.244
58 =1.337 | -0.843 -1,215 | -1,321
48 -1.,436 -1.170 | 1,312 | -1,281
40 -1,543 | -0,836 | ~1.394 | -1.294
18 -1,424 | -0.738 | =1.429 | -1,331

*The decay slope is defined as n in the equation

A 5 kt?
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CHAPTER §

DISCUSGION
5.1  CONCENTRATION OF ACTIVITY IN THK AEROSOL

Before proceeding to a discussion of some of the details of the
activity concentration data, it is well to compare the data obtained
by the four types of instruments which were employed. Such a com—-
parison is made in Table 5.1, in which the ratios of the concentrations
obtained from the particle separator, cascade impactor, and con-
tinuous air monitor, to those obtained from the filter sampler have
besn computed., The table illustrates, for one thing, the extremely
large variations that may be expectad in measuremsnts of this soit
mide with existing sampling equipment. It is apparent that the data
obtained by the particle separator varied from one tenth to ten times
that of the filter sampler. There is apparent disagreement betwaen
the cascade impactor and the filter sampler, the former being smaller
than the latter by a factor of the order of a several hundred. The
cass of this disagreement is thought to be due to the fact that the
Cascade impactor, in obtaining a relatively amall sample, is more
susceptible to the loss of large particles, because collection of the
particles is made on a glass slide, rather than on filter paper,.
Comparison between the continuous air monitor and the filter sampler
suffers from the lack of data from tae former, together with a con-
tradiction on two of the four records obtained, that is, apparently
the cloud did not reach the station until after the 115 min filter
Saxpler sampling period was over., One of the remaining two records
indicated the continuous air monitor data was ten times, the other
o038 tenth as large than the filter sampler data. Probably the only
tonclusion that can be reached from this comparison is that the

ilter sampler concentration data is in systematic disagreement with
the cascade impactor data, but is not in systomatic disagreement with

particle separator or continaous air monitor data, although
greement. in any particular case may be no better than plus or minus
°ne order of magnitude.

¢ It 1s possible that the comparison of the particle separator-

{lter sampler data may shed soms 1light upon the question of the effect

°f non-isokinetic sampling upon the concentration data. It will be

Maenbered that the particle separators were oriented with the axis

f their sampling port in the vertical direction, while the filter
lers were oriented in the horisontal direction. Under these

:::ditiona one would expect that the particle separator, in collecting
largest particles
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TAHLE 5.1

Comparison of Concentration of Activity Data

Particle Separatort

Cagcade Impacto

Continuous Air xggi_tor’

Filter Sampler! | Filter Sampl Filter Sampler
Surface Shot
8 3.8 —
14 6.8
15 902 b & 10-1
2 2.5
2 1.0 1d x 1071
24 907 x 10
25 9.5 x 10°3
26 23 x 1072
23 47 x 102
29 1.2 x 207 1.1 x 1073
30 3.2 x 1072
35 3.6 x 1072
38 9.6
/40 206 X ]0'2
Underground Shot
108 5.7 x 107+
109 4.0 -
114 3.5 x 10% 2.1 x 10
115 1.5 1.6 x 1o"§
ng 102 X 10‘
120 2.6 x 10+
11 3.4
123 1.0
124 3d 2.8 x 10~
125 23 x 10~
128 1.0 x 10*
129 1a x 1072
130 11 x 10t
132 2.2 x 1074
140 1.4 x 103

1 Average concentration over 115 minute sampling periode.
2 Station nuxbers less than 25 and 125, concentration over 1 minute
sampling period; greater than 25 and 125, over 115 minute sampling

period.

3 )verage concentration over 115 minutes computed from concentration
va, tims curve.
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would cause & systematic docrease in the particle geparator-filter
sampler concentration ratio with distance fron ground zero. How-
ever, no such trend can be detected, and it is thought, therefore,
that the effect due to non=isokinetic sampling, at least in the case
of concentration data, may be masked by the spread already present
in the data.

The question of the accuracy of the cloud model doscribad in
paragraph 4.1.1 is open to some conjecture. Certainly the records
of the continuous air monitors indicate the cloud arrived later and
stayed much longer at the most distant stations than is indicated
by the cioud model. At the very close stations, the age of the
cloud becomes extremely important because of the activity decay
correction. At the stations of medium distance therefore, the cloud
mdel can be expected to give the best results. The concentration
of activity in the cloud proper, bases on the cloud model, has been
plotted in Fig. 5.1 as a function of distance from ground gero. The
data indicate the underground shot produced an aerosol 10 to 100
tires as active as the surface shot.

5¢2 PARTICLE SIZE DISTRIBUTION

As was indicated in Chapter 4, egsentially only one instrument
¥as employed to obtain the particle size distributiod of the aerosol ’
the cascade impactor, and thus there can be no inter-instrument com—
parison of results. A discussion of the particle size distribution
of the cloud, therefore becomes & discussion of the cascads impactor
data. The most important fact to be emphasized is that sampling was
Don-isokinetic in the senge that the intake velocity was considerably
less than the wind velocity, but that the intake throat was pointed
toward ground zero, and therefore, generally speaking into the wind.
Under these conditions the intake aerodynamics favor the large
Particles. However, as was indicated in paragraph 5.1, the impactor,
though undoubtedly removing these particles from the airstresm, must
bave shattered them, or else subsequently lost them, since no particles

iﬁz’ than about 40 microns were observed in the examination of the
Se

However, the tendency toward smaller particle sizes in the asro-
%1 with incriasing distance from ground zero was definitely observed
in both shots. Figs. 5.2 and 5.3 illustrate this situvation. It is
Pparent that the underground shot initially possessed a distribution
Con € larger particles than the surface shot, but that these paxr-
:1‘-‘103 rapidly fell out, leaving at distances of 20,000 feet a dis-
Tibution containing smaller particles than the surface shot. This
TesWlt may be explained by the fact that the underground shot cloud was
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lowar than the surface shot cloud, giving the large particles legs
tizs in which to be carried by the wind out to the more distant sta-~
tiona. By the time both clouds reached 50,000 ft. tha NMD of their
distributions had reached a value of less than 0. micron.

The material on the fall=out tray was collected under favor-
able conditions in the sers2 that no appreciable wind sprang up be-
twoen the time of thoe shot and the recevery of the trays, conditions
under which very little material could have been reroved or addad aa
determined experimentally. The analysis of the material was carried
out acrording to standard procedure and apparently no difficulties
were encountered. Nonetheless the resulting distributions (see Figs.
412 through 4.15) indicated the fall-out had a very small NMD, less
than one micron, a distinct anomaly inasmuch as the aerosol NMD
apparently was about this size. In addition, the lines representing
the size, area, and mass, distributions did not give a straight line
trend. For these reasons, no attempt was made to fit straight lines
to the data, with the result that convenient parameters describing
the distribution were lacking, making a comparison of distributions
difficult. It can be noted, however, that station 103, which is
shown in the photographs as being in the base surgsa from the under-
ground shot, had a noticeably larger percentage of particles less
than 10 microns than the other four stations analyzed, giving wieght
to the idea that the base surge was composed of small particles.

5.3  RADIOACTIVITY AS A FUNCTION OF PARTICLE SIZE

It was hoped that the cascade impactor would size grade part-
icles sufficiently so that activity measurements made on the five
alides would give an indication of the activity of the particles
in the aerosol as a function of particle size. However, theze data,
which are contained in Tables 4.10 and 4.11, present such large
scatter as to make such a correlation impossible. An example of
this is easily seen by consideration of the percentage of activity
on the first slide. One would expect that the first slides on the
bearest impactors would contain a large percentage of the total
activity of the impactor, while the first slides on the farther im-
Pactors would contain less, since there would be feaer of these very
highly active particles present in the aerosol at the farther stations.
Bven this effect, which should be very promounced, is not efident. A
Partially satisfactory explanation of this can be made by the fact
that the cascade impactor, in its collection of particles, size
€radey them only by virtue of widely overlapping efficiency curves,

&d that a wide spectrum of particle sizes may be found on any one
tlide, although the NMD of the disiribution varies from slide to alide,
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This, of course, does not affect the particle size analysis by vire
tue of the way in which it is carried out, however, it might frus-
trate any work dependent upon size grading.

It i3 unfortunate that a larger number of conifuges did not
give satisfactory data. Although all conifugs cones were radioauto-
graphed, only a few showed any darkening at all, and only one of
these showed & smooth distribution of film density. The others had
only splotches of activity, which probably indicated the presence of
turbulenice in the cone volume. The fact that most conifuge cones
ware not sufficiently active to produce radiocautographs can be
attributed to the small flow rate of the instrument.

The activity as a function of particle size data obtained from
the fall-out trays appears to be satisfactory, except that a self-
absorption correction, originally considered to be almost negligible,
apparently is necessary for the large particle sizes., This question
is discussed in more detail in paragraph 5.5.2.

It should be pointed out that the specific activity data from
the fall-out, which indicates the relative activity of each particle
size range, can be applied to the mass distribution of the aerosol
as determined from the cascade impactor to yleld the distribution of
activity as a function of particle size of the aerosol. The assumption
rede is that, in any given particle size range at any given station,
the specific activity of the aerosol ig the same as that of the fall-
oute If this is not the case, the implication is that there must be
some selection on the basis of activity in determining which particle
of a given size range will remain in the aerosol or will fall out.

504 PERCENTAGE OF ACTIVE PARTICLES

If the percentage of active particle data (paragraph 4.4) of
the cascade impactor and the fall-out tray for the underground shot
are combined, it appears that the percentage of active particles is
a8 monotonic function of particle size over the range of particle
sizes covered by the two types of data, i.e., from 10~1 to 103 microns.
In fact it appears that a straight line, with a slope of one, rep—
resenting a linear function, fits the data well.

Since both the cascade impactor data and the fall-out tray de—-
pended upon a radioautogrephic msthod of differentiating the active
from the inactive particles, it was thought that the exposure time of
the radioautograph would affect the results. This was not borne out
by results of the cascade impactor, since a number of radicautographs
of different exposure times showed no &pparent change in the per-
centage of active particles.
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5.5 STUDY OF FRACTIONATION . )

5.5.1 Radiochemistry

The data concerning the nuclide activity per unit mass
of active material as a function of particle size, which is con-
tained in Table 4,15, provided a method of investiga‘!é&ng the 8gchaniam
whareby particles acjuire activity. The data for Sr°7 and ZR
have been plotted in Figs. 5.4 and 5.5. Referring to Fig. 5.4, it
appears that a straight lins with a slope of =1 may be fitted to the
data, whereas this is not possible with the data in Fig. 5.5.39
Allowing for some over=-simplification, it appears that the Sr
activity is a function of particle surface, wher=as that for 295
tends to be more of a volume function. Bald0 gives a plot similar
to the Sr°7 plot, while Cel44 15 similar to 2r?”?, Purther study
1s being made of these data, particularly with respect to the
question of whether the activity of Zr%5 and is concentrated
in a shell rather than a wolume. Examination of the decay chains
of these four nuclides provides a plausible reason why there should
bs a difference in the mechznism for acquiring radiocactivity. The
decay chains are as follows“:

ke 2.0 m%  15um 5%

K% short B9 amort,_ 595 short Y% 1oysm 295
Xe _1bs, Cs _66g, Bal40

Xol44__ 1a, cs'  ghort, Bal44  ghort  Lal% gort  celés

It may be seen that Bal40 and Sr89 both have gaseous precursors that
have half-1ives long in comparison with the 1ifetime of the fireball.

j Since gases such as krypton and xenon are not significantly subject

‘ to adsorption abo;g liquid_air temperatures, it is logical to suppose
that while the Zr Cel44 chains passed the rare gas stage early
9mough to be adso durx:iﬁothe particle growth process, no appreci-
able amount of Kro? an ggved before the particles had coased
Yo grow, Hence the 5rf9 and Ba activities were confine' to the
outernost surfaces of the particles.

L -

Ce Do Coryell & N. Sugarman, op cit, pp. 1996~2001.
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54542 Activity of the Radioactive Particles

In order to investigate the mechanism whersby part-
icles become radiocactive, the data described in paragraph 4.5.2
activity of the radioactive particles as a function of their size,
surface area, and mass were calculatsad. (The latter, it will be
noted would be the sum of all ths nuclide activities of the kind
discussed in the paragraph immediatsly above if a radiocnemical
analysis could be perforiasd on all the nuclide species.)

One of the questions that arose in the study of the data
was the effect of soli absorption and self sgcattering upon the
moasured activity of the different particle size fractions. The
formar is susceptible to gquantitative treatment if the range curve
for the activity is known, while the latter is as yet not well
understood. The complexity of the combination can _perhaps best be
seen by examining the data of Nervik and Stevenson”, who have plotted
a self-gcattering and self-abgorption correction factor vergus
gample thicimess, with beta energy as a parameter, for NaCl and

A gimple calculation can be made to inwsstigate the
magnitude of the self-absorption. Assumings

(1) The attenuation of beta particles is described
by the equation

_ 0.693 (5.1)
o w

where w is the path length in milligrams/cm®, and T# is the half
thickness of the particle for the fission product radiation. The
latter was taken to be 20 mg/cm? in accordance with the data of

paragreph 4e5.4.

S W. E. Narvik and P, C. Stevenson, "Self-Scattering and Self-Ab-
sorption of Betas by Moderately Thick Samples". Nucleonlcs, I,
(1952), 19.
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(2) The particles are cubical, so that ths mean path
length travelled by a beta in escaping from ths particle is

(5.2)

1SN

where s is the side of the cube.

(3) The density of the particles is 2,7 grams/cm3,
making the _thickness factor of the particle material equal to 2.7 x
10™ mg/c:nz/micron. The relative sslf-absorption of a 1 micron
particle 1s:

6~0:93 x 0.5 x 2.7 x 107} = o —00048 4 (5.3)

while that for a 1000 micron particle ist

0,693 x 500 x 2.7 x 107% = 9743
* T 120 (5.4)

Thus the correction factor for self-absorption for a 1000 micron par-
ticle is 120 times that for a 1 micron particle, and therefors is of
great importance. Previous calculations had led to the belief that
this correction was negligible.

: No data is available to estimate the effect of self-
8cattering, but it is probable that it is negligible in comparison to
the ecorrection for self-absorption.

It has been suggested that the necessity for making these
corractions could bu side-gtepped by crushing the large particles
fore measuring their activity. This is presently being carried out
On gsome of the fractions that are still sufficiently active,

5¢5.3 Decay Slopes

A study of the variation of decay slope with particle
81z (paragraph 4.5.3) has yielded no information other than further
Rroof of fractionation.

- 131 -~
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CHAPTER 6
SULLZARY

It wvas expected that the considerable quantities of dirt
throm up by the Jangle explosions would trap a relatively large
proportion of the fission products of the bomb, creating highly
radicactive aerosols containing relatively large particles.

The_concentration of beta activity in the aerosols was found
to be 10~3 and 10™* microcuries per cubic centimeter for the surface
and underground shots respectively. These are based on filter
sanpler data taken from the nearest stations (2000 ft. to 4070 ft.)
on the dommwind leg, as modified by an estimation of the arrival
aad departure tims of the cloud.

The number median diameters of the particles in the aerosols
weres 1,0 and 1.5 microns for the surface and underground shots re-
spective~l6, at stations 4000 ft. downwind, decreasing to less than
0.1 microns at 50,000 ft. for both shots. These figurss were ob-
tained from the cascade impactor. The particle size distribution
of the fall-out was also determined at a number of stations of the
wmderground shot,

No satisfactory data giving activity as a function of particle
8126 in the aerosol were obtained due to unsatisfactory operation of
the instruments designed to size grade aerosol particles during the
8apling process. These data, however, were determined for the fall-
Out at a number of stations on the underground shot. The percentage
gf 8ctive particles in the surface shot aerosol was determined to be
+'01 per cent for particles approximately one micron in diameter.
*or the underground shot fall-out, this percentage was found to be 20
Por cent for particles approximately 100 microns in diameter.

Data of the various consequences or manifestations of fraction-

Sion were made on size-yraded particles of fall-out from the under-

f““nd shot, and study of these data have made possible a number of

b.ml‘esting conjectures regarding the mechanism whereby particlss
tone radioactive.
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APPENDIX A

DEFIKITION AND ABFREVIATION OF TEEKS

Brookhaven Continuous Alr Monitor
Brcokhaven National laborstory

Chemiocal snd Radiological laboratories

the exponent in the decay equations A = ot”

particulate matter once a part of the aercsol that has
precipitated to the ground

any variation in the fiseion product nuclide abundance,
usually spplied to the variation as a function of parti-
cle size

actually "equal motion", but is generslly applied to
particulate sampling that is carried out so as not to

be selective in any way

molecular filter

Neational Inatitutes of Health

Navel Radiologicel Defense Laboratory

Radiological Air Sampler

Tracerlad Continuous Air Nomitor
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APPENDIX B

CALIERATICN OF THE SROOKHAVEN CONTINUOUS AIR MONITCR

The counting efficiency of this instrument may be obtained by pass-
ing a small rectangle of filter tape of width w end length s (s 1s equal
to w for the Brookhaven air monitor), see Pig. B.1l, inserted into the
center line of an unoontaminated filter tape., This small sectionm of fil-
ter tape beers a wmifornly distributed known deta activity, G of the
sare species as for which the ocalidration is desired, As the tape passer
wder the counter in the x direction, a count rute is recorded whioh may
be oomverted into a plot of observed counts per unit time versus dis-
tance, Swh a plot will have the appearance of the graph shown in Fig.
3.2, and should be symmetrical about the origin, The maximum count rate
¢t x = 0, C4 1s the oount rate when the counter face is exnctly covered
wiformly contaminated filter tape Cu is the finite swxmation of the
tatos obtained when the center of the standardizing rectangle is at x
position equal to O, 4s, 428, 438, etoc, and is thw

Cy = % t+ 20y (B.1)

:mricany 1t hae been found that with counters positioned close to the
Fe that Bq, B,1 can be reduced to

Cu = 0y $20) $20 (B.2)
° 1 2
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The fraoction of the total counting rate contributed by the seguent of
width w and length S positiored directly in front of the tube 1s

ey f2 Gt o9

The officiency E of the segment in this position may be defined as

0o = cufg X0 (B.4)

The activity per standard segnent (width w and lengtk s) is given by

G = aV (3.5)

where a g gotivity per unit volume of cloud; V g voluns of air sampled
through the atandard segoent. PFrom Eq. B.4

=B av (B.6)

This equation limits a to the average value of the time interval
during which the unit segment of paper was oontaminated, For the sake
°f olarity the midpoint of this time intervel van be taken as the time
Sorresponding to the value a.

. To obtain an unknown sativity ooncentration & from the instrument
Mnt rate meter readings Cy, it was necessary to determine the instru-
M2t ometants B, ¢, and V. E and f were dotermined by the following
Proeadurn With the center of the window as'a reference point, the stan-
d activity paper was moved one and two inches on efther side and the
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oounting rateec observed, The sum of the counting rates in all such
positions gives the counting rate of a uniformly ocontaminated fil-

ter paper of infinite length, Proceeding in this manner the results
shown in Table B,1l were obtained,

TABLE B,1

Efffoiency Data for Brookhaven Monitor

Distance From Incremental
Center of Counts Per [Efficieno
Window (per oontg
0 501 23
£ 1 inch 35,5 1.61
£ 2 inch 2,35 0.11
= 1 inoh 58,9 2.67
« 2 inch 2,0 0.09
Total 599,76 < 600

These results are plotted in Fig.B.3. s‘l‘he activity of the one square
inoh standard corresponded to 2,2 x 10" disintegrations per second,
Thus _

f‘g-g%"'.es

E-5.,01x10° ;2
2.2 x 100
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Since the sampling port measured 1 inch wide by 1,76 inches long, the

filter tape transport velocity was 4 inches/hour and the flow rate
through the sampling port was 3.5 cubio feet per minute, the value of

V was found to be:
Ve=1._561x 108 omd

Therefore, the counts per minute on the instrument count rate meter
may be converted to miorocuries per cubic centimster by the equation:

(cm ; 1.1 x 10712 (¢/a) (B.8)
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AFFEDIX C

CALIBRATION OF TRE TRACEKIAB CONTINUOUS AIR MONITOR

Interssting two dimensional counting gecmetry problens cocur
if 8 contipucus air monitor is constructed with both circular suc-
tion and countir; areas (of radii R and r respeciively) as is the
case for the Tracerlsb continuous air moniter, (See Fig. C.1),

For simplicity in the focllowing derivations, the steadv.state
conditions of an aercsol of constant beta activit, per unit volume,
s flowing at a ccns‘ant volumetric flg'x rate, V depositing activity
st a wniform rate, q (equal to aV/¥rR® ) per unit area on a filter
tape moving at a constent velocity, u n«s been assumed, It is also
omnvenient to consider first a previocusly contaminated filter tape
being rerun through the monitor with the coordinste axes x,y and
x', y' as showmn in Fig, C,l,

It may be noted that the activity concentration, Z deposited
upon the filter tape is proportiomal to the cord length of the suct-
ion circle in the x' direction and ia given by the relation,

Z = 33
u J R? - ¥ (Cod)
with the restriction that
-REy &R

8od Z can thus be represented graphically as the elliptic sheet, in-
finite in the x direction shown in Fig, C.2,

As the contaminated tape with ita elliptical distribution of
tctivity passes under the counter window, the counting efficiency of
sach differentisl ares is a function of x and y (or O and in polar
coordinates). This function can be determined experimentally by plac-
ing a small, known, uniformly contaminsted filter paper standard in
the f4 lter tape and passing it under the counter in the x direotion as
Yas dme to obtain the data shown i{n Fig. C.3., Inasmuch as the effi-
ciency of the G-M oounter should be symmetrical about its central axis,
the entire function can be represented by a solid of revolution, the
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Fige. Ce? Activity Concentration as a Function of Tape Position for :
the Tracerlab Continuous Air lLonitor §
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first quadrant of which is shown in Fig. C,4.

The differential cowunt rate, &t summed up by the G-M tube of the
air manitor 1s the product of the activity omcentratiom and the count.
ing efficiency for each element of area of the x,y plane of the fil-
ter tape, Thus

s=¢2 (c.2)

and can be represemted by the solid sketched inm the first gquadrant of
Fisa C.S.

The count rate, A finally reocorded on the air monitor recorder
is the volume between the surface described by the function 2 and the
X,y plne in Figure C.6 and is approximtely expressed dy the definite
double integral

R R® -

A.‘ '.dy.dx(CQS)

or in the more convenient cylindrical coordinates by

R T
2

Az 4 z.e.do.dp (C.4)
0 4]

It ray be noted that the upper limit of integration, R, for @ intro-
duces & anll error due to the neglected volumes in the x directim
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which should be trivial in the oase of the well shielded Tracerlad aip
am’.t“. '

The function

- 2
€Exo ée (€.5)

ray be arbitrarily seleoted to repressnt the solid of Fig, C.4, Substity,
tion of this end Bq. C.1 into Eq, C.4 after changing to oylindrical coor.
dipates by the substitution

Ya rlin )
results in the relatiom
(Ce)
R
ey, "
Azd .o .(o.%_g /(1-1:2 e1n? 9) 80,8p

in wnieh the function, 1~k sain @ can be recognized as the elliptic in-
tegral of the seoond kind, E(k,0). As the upper Iimit of the first in-
tegral 13 T/, the cormplete elliptio integral, E(k) can be obtained from
tables 1 for various values of k where k fs equal to f/R.

Equation C.8 thusr beccmes

As g%gg ’ P .o H’Jz o E(k) o dp (C.7)

o]

1 R, S. Burington, Handbook of Mathematioal Tables (2nd ed; Sendusky,
Chioc: Handboox Publishers, 194F) p.63,
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and can be readily evaluated by graphical integration of a plot of the
terz within the integral sign vorsus f noting that k varies from 0 to 1
in the interval e e 0 to R, In terus of eir ocnoentration, Bq, C,7 te-
cones

-7
uc (1,77 x 10 (v) (R)
—3 - = B :LF_ A (C,8)
- Replay = -of (e B(k) .df

Thus the beta activity concentration of the sampled aerosol is a simplo
multiple of the reccrded counting rate when the filter tape is played
back through the Tracerladb air moniter.

A somewhat more ooaplicated problem occurs during the build-up of
activity upca the filter tape. Thus {n Fig. C.) the ccerdinate axes x,y
and x',y' oolnoide, The deposition of activity upcn the tape mey be
reprosented by the shape in Fig, C.6, Beyond equal to R ip ths x
direction, the surface becorss identical to the elliptic sheet of Pig. C,2
but within the region

03 e‘gn

the activity concentration may be expressed by

zs (a) (mfm [ (c.9)
u K R® - y? *
which may be transfarmed to cylindrical coordinates by the substituticas

t Poon Onndy.elhc
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Fige Co6 Aotivity Concentration During Deposition as a Funotion of Tape
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(c.10)

and Eq, C.? beocones
z - (qR) (1 £ kecs Q) j],-kz ,,nz;
u
Substitution of Eq. C.10, C.2 into Bq. C.4 ror the first and second quad-
rents results in
(c.11)
sin? 2 .284)

R T
L4
Az2 /f.-e( oeamlja/kco.o) l-kz
a
0 0 |




PROJECT 2.5a-1
or (c.12)

-

R ~ m ™
8¢
A-;!g&'/ee \/E(k,e) defli/ﬁ.-kz 8in? @ . cos9| .dp
u
0 L0 (]

wpad

A3 it can be easily seen that

1—
1-k28in? 0 . con 930 (c.13)
0
and also since w ) A
E(k,0) d® = 2 E(k,®) ., d®  (C.14)
Y ©

Equation C.14 may be smplified to
R 2

A = m Q-PF . E(k) . de (0.15)
u

0

“hich gives the counting rate for the moving tape. It may be noted that

8 13 half of Eq. C7 so that the graphical integration need be per-
formed only once for both cases. By use of Eq. C.7 and C,15, the initial
&nd several replay results may be combined to investigate the radioscotive des
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cay characteristics of the aerceol sampled by the Trsocerlad air monitor,

An experimental determination of the value of the conatants in they,
equations was made by means of the following procedure: A standard actiyy,
ty sample was prepared by placing an aliquot of a fission product nixtur,
on a small (6 x 6 mm) square of filter tape from the Tracerlab continuey,
air monitor. This mixture wus selected beoause of its beta range curve n
considered to approximate that of the fission products rosulting from the
surface and underground detonations. The standard square was oalibrateq
for its absolute beta activity while on a 4 mg/om cellophane additiom)
backsoatterer in order to duplicate the canditions under which the tape
iteelf is counted, This was done by raising the G-M counter in its shielq
to a higher position and mounting the square and reference activity astape.
ards on cards positioned on the lower btracket., Range curves for the
reference standards as well sa the calibrating equare wore determined og
another counter with a shorter air path and thinner G-M tube window, Thee,
data were ocombined after appropriate corrections for air path, aluninue
absorber of the air monitor, and the tube window so that the absolute bety
activity of the filter paper squire was determined by the average of two
Tracerlab simulated P2 and two I131 reference standards which were stateq
to be accurate to ten per cent.

The standardised gauare was placed in a § x 5§ mn square hole (bscked
with a similar 4 mg/cn backscatterer) in a movable atrip of air monitoer
filter paper ip such a manner that the center of the standard square ap-
proxinately coinoided with the central axis of the G-M counter. Activity
msesurecents for this square were made by moving it alomg the center line
of the path followed by the tape, stopping at half centimster intervals
beginning 3 om before, and § cm after departure of the center point of the
standard from the central axis of the differential counting efficlency
ere given in Table C.) and are plotted inm Fig, C.5, The slight asymmetry
of the curve is apparently due to a one millimeter error in positioning
the calibrating stendard, For purposee of camparison, the Gaussian ourve
wed to approximate this funotion has been sketched in as & dotted line.

The function 2
€s .y (C.16)

was selected to represent the two dircnsional efficienocy of the Tracerlab
air sonitor G-M tube (See Fig. C.4). By use of the smooth ourve of Fig.
Co3 the constants and of Eq., C.5 were found to be 0,0915 and 0,308
respectively for Unit No, 1. The integral of Eq, C.7 was then evalumted
by tabulation of the values of the fumotion

f.--f"p‘t . B (k) (c.17)
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as & function of @ and k as shown in Tabla C.2 and plottad in Flg.
2,7. This curve was graphically interrated by the mathod of Moore
batwnen tha limits zero and R with the reasult that

2
e-ﬂ° « E (k) . d(’ - 2.14 (c.18)

Substitution of this value into Eq. C.8 and rearransing resulted in
the relations

(ue) _ 1 ]
and
)
(::3 Replay - (1.1 x 10-11)(a) (c.20)

which gave the air beta activity concentration from the observed in-
itial and replay counting rates from the Tracerlab continuous air<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>